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Major Department: Economics
The lead essay measures the long-term impact of famine severity during the
1959-1961 Great Chinese Famine on contemporary per capita GDP and rural household
income in China. Empirical results present a consistently negative relationship between
famine severity and per capita GDP in 2010 supported using an instrumental variable
approach. The instrumental variable (IV) based on the sequence in which the Chinese
Communist Party (CCP) took over continental China, exploiting the relationship
between a local community’s demonstration of loyalty to the new CCP regime, the
radicalism of leadership during the Great Leap Forward social and agricultural reform
starting in 1958, and the consequences of the Great Famine. The second essay utilizes
the interaction of malaria prevention and the historical geographic distribution of
malaria endemicity to estimate the average global impact mosquito-control has had on
population growth. The differential benefit mosquito-control health campaigns may
have had with respect to the initial malaria prevalence provides useful counterfactual
groups for empirical analysis as well as possible evidence for the divergence in
population development between the temperate and tropical regions of the world.
ESSAYS ESTIMATING THE IMPACT OF HISTORICAL PUBLIC HEALTH CRISES ON
DEVELOPMENT AND THE HUMAN CONDITION
BY
ELIZABETH FAIR GOOCH
A Dissertation Submitted in Partial Fulfillment
of the Requirements for the Degree
of
Doctor of Philosophy
in the
Andrew Young School of Policy Studies
of
Georgia State University
GEORGIA STATE UNIVERSITY
2014
Copyright by
Elizabeth Fair Gooch
2014
ACCEPTANCE
This dissertation was prepared under the direction of the candidate’s Dissertation
Committee. It has been approved and accepted by all members of that committee, and
it has been accepted in partial fulfillment of the requirements for the degree of Doctor
of Philosophy in Economics in the Andrew Young School of Policy Studies of Georgia
State University.
Dissertation Chair: Dr. Jorge Martinez-Vazquez
Committee: Dr. Spencer Banzhaf
Dr. Charles Hankla
Dr. Andrew Wedeman
Electronic Version Approved:
Mary Beth Walker, Dean
Andrew Young School of Policy Studies
Georgia State University
August, 2014
DEDICATION
This research is dedicated to the memory of the tens of millions of people who perished
during the 1959-1961 Chinese Famine.
iv
ACKNOWLEDGEMENTS
I thank Jorge Martinez-Vazquez, Andrew Wedeman, Spencer Banzhaf, Charles Hankla,
Xin Meng, and the participants of the 2013 Households in Conflict Network Workshop
for their valuable comments on essays of my dissertation. I thank Cao Shuji for giving
me permission to use his population data during the Great Famine time period, and
Cao Shuji and Liu Shigu for answering my many questions. Additionally, I thank
Penelope Prime and the China Research Center for allowing me access to China’s
county-level economic statistics data.
v
CONTENTS
DEDICATION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . iv
ACKNOWLEDGEMENTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v
LIST OF TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . viii
LIST OF FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ix
I IMPACT OF GREAT FAMINE (1959-1961) ON MODERN CHINA . . . . . 1
I.I INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
I.II BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
I.III LITERATURE REVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . 9
I.IV THEORY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 12
I.V DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14
I.V.I EXCESS DEATH RATE (1959-1961) . . . . . . . . . . . . . . 14
I.V.II CONTROLLING FOR CONFOUNDERS . . . . . . . . . . . 17
I.V.III MEASURING CONTEMPORARY WELL-BEING . . . . . . 21
I.VI ORDINARY LEAST SQUARES . . . . . . . . . . . . . . . . . . . . . . 22
I.VII INSTRUMENTAL VARIABLE APPROACH . . . . . . . . . . . . . . 25
I.VIII COUNTY-LEVEL ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . 31
I.IX CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
II PARASITES AND POPULATION: AN OBSTACLE TO DEVELOPMENT . . 38
II.I INTRODUCTION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
II.II BACKGROUND . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
II.III LITERATURE REVIEW . . . . . . . . . . . . . . . . . . . . . . . . . . 46
vi
II.IV DATA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
II.IV.I REGIONAL MALARIA PREVALENCE . . . . . . . . . . . . 48
II.IV.II POPULATION DENSITY . . . . . . . . . . . . . . . . . . . . 50
II.V EMPIRICAL STRATEGY . . . . . . . . . . . . . . . . . . . . . . . . . . 51
II.VI ROBUSTNESS CHECKS . . . . . . . . . . . . . . . . . . . . . . . . . . 56
II.VI.I COUNTRY-LEVEL ANALYSIS . . . . . . . . . . . . . . . . . 58
II.VI.II INCLUSION OF MALARIA-FREE AREAS . . . . . . . . . . 59
II.VII CONCLUSION . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
A APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
A.I TABLES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
A.II FIGURES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
BIBLIOGRAPHY . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
VITA . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
vii
LIST OF TABLES
Table 1 Province-Level excess death rates (1959-1961) . . . . . . . . . . . . . . 63
Table 2 Fu Analysis: Summary Statistics . . . . . . . . . . . . . . . . . . . . . . 64
Table 3 Fu Analysis: OLS Results for GDP 2010 . . . . . . . . . . . . . . . . . 65
Table 4 Fu Analysis: OLS Results for Rural Income 2010 . . . . . . . . . . . . 66
Table 5 Fu Analysis: OLS Results with Fixed Effects . . . . . . . . . . . . . . . 67
Table 6 War of Liberation CCP Militia Advancement Sequence (1947-1950) . 68
Table 7 PLA Sequence and Development Potential . . . . . . . . . . . . . . . . 69
Table 8 Fu Analysis: IV Results . . . . . . . . . . . . . . . . . . . . . . . . . . . 70
Table 9 County Analysis: Summary Statistics . . . . . . . . . . . . . . . . . . . 71
Table 10 County Analysis: OLS Results . . . . . . . . . . . . . . . . . . . . . . . 72
Table 11 County Analysis: IV Results for Rural Income . . . . . . . . . . . . . . 73
Table 12 Summary Statistics for 0.5◦ by 0.5◦ Pixel Analysis . . . . . . . . . . . . 74
Table 13 Summary Statistics for Country Analysis . . . . . . . . . . . . . . . . . 74
Table 14 Flexible Estimates at the 0.5 x 0.5 Pixel . . . . . . . . . . . . . . . . . . 75
Table 15 Baseline Estimates at the 0.5 x 0.5 Pixel . . . . . . . . . . . . . . . . . . 76
Table 16 Alternative Cut-offs at the 0.5 x 0.5 Pixel . . . . . . . . . . . . . . . . . 77
Table 17 Various Levels of Evapotranspiration at the 0.5 x 0.5 Pixel . . . . . . . 78
Table 18 Various Levels of Elevation at the 0.5 x 0.5 Pixel . . . . . . . . . . . . . 79
Table 19 Various Distances from Major Rivers at the 0.5 x 0.5 Pixel . . . . . . . 80
Table 20 Including Malaria-free Areas . . . . . . . . . . . . . . . . . . . . . . . . 80
viii
LIST OF FIGURES
Figure 1 Excess death rate data . . . . . . . . . . . . . . . . . . . . . . . . . . . 81
Figure 2 Cohort ratio data . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Figure 3 Economic outcome data . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Figure 4 Historic cities, Common routes, and PLA routes . . . . . . . . . . . . 83
Figure 5 Global Distribution of Malaria (1900-2002) . . . . . . . . . . . . . . . 84
Figure 6 The Lysenko Map of Global Malaria Endemicity . . . . . . . . . . . . 85
Figure 7 Baseline Flexible Estimates 0.5 x 0.5 Pixel Level . . . . . . . . . . . . 86
Figure 8 Robustness: Dummy Variable Analysis . . . . . . . . . . . . . . . . . 87
Figure 9 Robustness: Varying Proximity to Rivers . . . . . . . . . . . . . . . . 88
Figure 10 The Relationship between Life Zones Categories and PER . . . . . . 89
Figure 11 Holdridge (1947) Life Zones Map . . . . . . . . . . . . . . . . . . . . . 90
Figure 12 Robustness: Varying Humidity Classification (PER) . . . . . . . . . . 91
Figure 13 Robustness: Varying Altitude . . . . . . . . . . . . . . . . . . . . . . . 92
Figure 14 Country level Analysis with Dummy Variables . . . . . . . . . . . . . 93
Figure 15 Pixel-level Analysis Including Malaria-Free Areas . . . . . . . . . . . 94
ix
I IMPACT OF GREAT FAMINE (1959-1961) ON MODERN CHINA
I.I INTRODUCTION
During Mao Zedong’s rule of China, an estimated 32.5 million people died of
starvation and related diseases within approximately a two year time period from fall
1958 to spring 1961. This famine, referred to as the Great Chinese Famine, stands out in
world history as well as in Chinese history because it is the largest ever recorded
worldwide and its geographic distribution remains unlike any earlier famine China had
experienced. The Great Chinese Famine coincided with the radical industrialization
and agricultural reforms of the Great Leap Forward, a development plan which
disrupted the food entitlement of rural citizens. This paper looks at the long-term
imprint the Great Famine catastrophe left on contemporary China in terms of regional
economic growth and the standard of living of rural Chinese.
I find that the Great Chinese Famine has had a statistically and economically
significant negative impact on China’s GDP per capita measured in 2010. My research
is guided by growing health economics literature evaluating the negative effect of
famine exposure during the Great Famine has had on individual outcomes, and the
established causal relationship Mao Zedong’s Great Leap Forward policies and the
Great Famine. My paper compliments these research agendas by providing the first
empirical causal examination of the importance of the Great Famine in shaping
subsequent aggregate economic development across China and linking events during
the Chinese Civil War to the famine severity.
I proxy for the distribution of the Great Chinese Famine using two measures
of famine intensity, the excess death rate, which accounts for mortality above the
normal rate, and the regional cohort size of the surviving population born during the
Great Famine time period (1959-1960) relative to those born just before (1954-1957).
Additionally, I include covariates in my baseline model that attempt to eliminate the
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confounding effect of rival explanations such as baseline wealth, the location of early
Communist bases, and the Open Door Policy and Coastal Development (1979-1988). My
empirical results present a consistently negative relationship between famine severity
and contemporaneous per capita GDP, but provide evidence that rural communities
may be better off today as a consequence of the population loss over 60 years ago.
However, the ordinary least squares (OLS) results do not provide conclusive
evidence that famine severity during the Great Chinese Famine has impacted
development because the famine severity and development may be joint distributed.
For example, the intensity of the famine and subsequent development trajectories both
may be influenced by the inherent political leadership quality for a region. In order to
support the causal interpretation of the OLS results, I utilize an instrumental variable
approach.
My instrumental variable strategy generalizes the correlation suggested by
historical narratives that areas that came under Communist rule later during the
Chinese Civil War, 1946 to 1950 had higher famine rates. Practically speaking, areas
conquered later by the Communist army had less time to demonstrate loyalty to the
new regime and thus were more likely to have a Communist-trained non-local leader
appointed to govern. Specifically, non-local authorities were more likely to implement
the Great Leap Forward policies strictly and less likely to empathize with suffering of
the local populations resulting in more severe famine during the years 1959, 1960, and
1961 (Lin and Yang, 1998). Therefore, I propose that the the sequential take-over of
continental China by the Communist army is directly related to the propensity of
non-local leadership for a region, and I find that instrumental approach confirms the
negative impact of the Great Famine on subsequent development.
I use two outcome measures of contemporary economic well-being: per
capita GDP and mean income per rural household member. While per capita GDP
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captures the overall economic health of a region, rural income focuses on the
agricultural community who suffered most during the Great Famine. In order to access
the magnitude of the baseline results, I translate the estimated coefficients into real-life
term: a region with the mean per capita GDP in 2010 of 23,300 RMB per person, my
empirical results suggest that a one standard deviation decrease in famine severity
during the Great Famine would raise per capita GDP to between 26,795 to 29,125 RMB,
which is a 15 to 25 percent increase. Using an alternative measure of contemporary
well-being, a region with the mean income per rural household member in 2010 of 4551
RMB, a one standard deviation decrease in famine severity raised income to between
5097 to 5506 RMB, which is a 12 to 21 percent increase.
Finally, I extend the analysis to examine the relationship at the more
disaggregated county administrative unit. The OLS specification estimates at the
county-level confirm the negative relationship between famine severity and present-day
per capita GDP, but suggest a positive relationship between famine severity and income
for a rural household member at the county-level which is confirmed by the IV results.
However, the positive impact of famine severity during the Great Famine on
contemporary rural income actually may be capturing the combination of famine
conditions and the associated immediate flight of survivors.
The rest of this section is structured as follows: section I.II reviews the
historical background on the Great Leap Forward and Great Famine and section I.III
presents the relevant literature. Section I.IV covers the theoretical relationship between
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excess deaths and contemporary outcomes. Section I.V details famine severity
estimates, other baseline variables, and the outcome data. Section I.VI documents the
baseline correlations between famine severity and contemporary well-being in 2010.
Section I.VII addresses the validity of the instrumental variable and the baseline IV
estimation results. Section I.VIII presents the results of the OLS and IV analyses at the
county-level. Section I.IX concludes.
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I.II BACKGROUND
Mao Zedong and the Chinese Communist Party (CCP) established the
People’s Republic of China in 1949; following the Soviet Union’s lead, Mao initiated
China’s first stages of rural collectivization between 1949 and 1958 (Yang, 2010).1 In
1950, the CCP took control of all newspapers, publishing houses, and other forms of
media (Westad, 2003). During the 1950’s, Mao implemented major reforms that set the
stage for his radical effort towards industrialization, the 1958 to 1962 Great Leap
Forward, which led to the Great Famine. China established a state monopoly on grain
in 1953 leading to closure of the grain markets. Because state grain procurement prices
were held artificially low, the government could buy increasingly larger shares of grain
harvests around the country (Bernstein, 1984).
In 1956, the Hukou system, comparable to Stalin’s internal passport system,
was established, under which a majority of China’s population could not travel or
emigrate without permission (Becker, 1996). With the 1956 Hundred Flowers
Campaign, the CCP removed all its critics by supposedly lifting speech restrictions and
encouraging criticism of the Communist government. Mao used this campaign to
identify critics of his policies as well as other non-communist intellectuals, who were
then condemned to prison camps during his 1957 Anti-Rightist Campaign (Dikotter,
2010).
By the end of 1957, Mao held supreme power in China. At a meeting in
January 1958, Mao declared the economic plans drawn up thus far, the First Five-Year
Plan (1953-1957) as too cautious and proposed an aggressive second five-year plan,
1958-1962, "The Great Leap Forward" (GLF). Mao hoped the GLF would propel China
ahead of the US in grain production and further the industrialization of the nation
1Specifically, the CCP implemented the First Five-Year Plan (1953-1957). To put this in perspective,
the Great Leap Forward (1958-1962) was the Second Five-Year Plan and, today, China is in its Twelfth
Five-Year Guidelines (2011-2015).
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resulting in a higher standard of living for all Chinese. Communist propaganda and
Mao’s agricultural reforms, however, led to a series of events that culminated in
extreme starvation across many areas of China beginning in fall 1958.2
Mao concluded that two unexploited resources would help China increase
grain output–water resources and latent labor hours. Mao suggested aggressive rural
labor reforms: 1) water conservation projects to improve irrigation; 2) female field labor
hours; and 3) off-season work for male field workers. First, in winter 1958, male field
laborers were deployed to water conservation projects, keeping them out of the fields
until after spring planting. In order to accomplish the 1958 spring planting, large
communes were established to assume household duties such as food preparation and
child care thereby freeing female labor to work the fields (Wedeman, 2009).
These major labor restructuring policies produced serious unintended
consequences. Because, all land, labor, and grain output was common property in the
communes, grain production suffered–members perceived lower incentives for
contributing to public output compared to earlier, when input and output were private
(Lin, 1990). Mao also insisted on other agricultural reforms such as the adoption of
Lysenko-Soviet agricultural practices such as deep plowing and close planting. These
unscientific and nontraditional approaches also decreased grain output. In addition, the
“Kill the Sparrow Campaign” led to an unforeseen increase in the grain-eating insects.3
During spring and summer 1958, Mao’s changes were implemented, resulting in a crop
more robust than in 1957. By fall 1958, however, the exhausted and poorly incentivized
labor force failed to harvest the entire crop.
In the meantime, starting in early fall 1958, local and higher level cadres
began making exaggerated claims about fall harvest figures. These exaggerations are
2The agricultural reforms are summarized by Mao’s ‘Eight-point charter for agriculture (Li, 1995).
3By the end of 1960, the Eurasian Tree Sparrow population was nearly extinct in China. The "Kill
the Sparrow Campaign" was part of the “Four Pests Campaign” which also eliminated rats, flies, and
mosquitoes.(Marcuse, 2011)
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tied to the "Communist Wind." The CCP defined the "Communist Wind" as subjective
leadership and unrealistic demands for higher grain yields caused by subordinate
cadres acting arrogantly (Li, 1995). Inflated grain procurement figures from the
government combined with decreased harvests left many areas with only enough food
to last a few months. In fall 1958, available supplies also were consumed at an
accelerated rate; communal canteens had led peasants to consume more food because it
was a common good. In winter 1958-1959, the famine began, and because of the
deprivation of exit rights, peasants were unable to flee their dire circumstances. The
famine ended in spring 1961 through importation of grain and scaling back on
communal living arrangements. By 1962, labor and capital resources were returned to
grain production (Johnson, 1998; Yang and Su, 1998).
Though excessively wet conditions between 1959 and 1961 also contributed
to reduced grain production, over two-thirds of the shortages can be explained by the
Great Leap Forward policies posed by the CCP and the unique response of provinces to
the central policies, which differentially affected food availability and food entitlement
across China (Lin and Yang, 2000; Houser et al., 2009). Recent research by Kung and
Chen (2011) found that province leaders’ political status as either a full or alternate
member of the Central Communist Party affected their respective provinces’ excess
grain procurement and excess death totals. The provincial leader’s alternate member
status influenced his tendency toward political radicalism. A full member of the CCP
enjoyed privileges, status, and power, while alternate members were confronted with
"entry barriers" to greater political mobility. In order to impress the CCP and
demonstrate his allegiance an alternate member would take GLF national policies to an
extreme, increasing the famine conditions in his province (Kung and Chen, 2011).
Amryta Sen cited food entitlement as the central reason for famine in
general, defining entitlement as a person’s ability to command food and the means of
7
obtaining it. Sen suggested that without proper food entitlement, famine may occur
even when no food shortages exist (Sen, 1981). In China, rural households in
grain-producing areas only were entitled to residual grain from harvest, while rural
households in non-grain areas and urban citizens received grain rations (Peng, 1987).
Because of this policy, food shortages in rural grain producing areas were exacerbated.
Strict deprivation of exit rights from the communes was another national policy
heterogeneously enforced.4 Eliminating the right of peasants to withdraw from
communes changed work-related incentives because self-discipline tends to collapse
with compulsory participation, thereby decreasing productivity (Lin, 1990; Lin and
Yang, 1998). Thus, there seems little doubt that the Great Famine was caused mainly by
the ill-conceived policies of the Great Leap Forward.
Although the Great Famine is the largest famine in world history (loss of an
extra 32.5 to 40 million people) its impact on the population as a whole was not as
disastrous as the Irish potato famine, because of the sheer size of China (Smil, 1999). In
some parts of China, however, a larger percentage died than the percentage that died or
immigrated from Ireland (25 percent). Excess death rates varied by province but overall,
the most terrible famines occurred in Anhui, Sichuan, and Guizhou provinces–close to
30 percent of the population died in some areas (see appendix A.I, table 1) (Cao, 2005).
4Communal exit rights are different from the internal Hukou passport system.
8
I.III LITERATURE REVIEW
Establishing an empirical relationship between a historical event and a
current measure of development is difficult for two reasons: lack of baseline data and
lack of information about characteristics that influenced the historical shock. Both
difficulties stem from the long time lapse between both the event and the outcome as
well as the event and the examination. In order to mitigate potential biases from these
problems, the methods used in two recent studies are useful.
In the first study, Nunn (2008) argue that a negative causal relationship exists
between slaves exported from areas of Africa and the exporting nations’ current-day
economic health. Nunn began his argument for a causal channel by establishing a
strong correlation between slave exports and real per capita GDP in 2000. He then used
historical evidence to show that potential bias due to confounders lay in the direction
opposite from his findings. A rival explanation for his results is that relatively
underdeveloped nations at the time of slave trade may have been more likely to export
slaves. Historical evidence, however, shows that the richest communities exported the
most slaves and now are among the poorest regions. Nunn supports the argument for a
causal relationship by demonstrating that areas with the largest slave exports now
exhibit the greatest ethnic fractionalization, because of warfare and turmoil during the
slave trade period. Finally, Nunn re-estimated the effect of slave exports using distance
to the nearest slave importer as an instrumental variable (IV). The IV results were
similar to his OLS results, which controlled for geography and climate. He estimated
that for a country with mean level income of 1,249 USD, a one-standard-deviation
decrease in the slave-export variable raised income 50 percent (Nunn, 2008).
In the second study, Banerjee and Iyers (2005) were interested in historical
institutions’ effects on current development, specifically, how the revenue collection
system implemented by the British in India affected that country’s development
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trajectories. During the British colonization, both landlord and non-landlord districts
were established and used to create the land revenue system. Authors hypothesized
that, because landlord districts gave fewer rights to Indian citizens, they would have
lower agricultural investments and productivity in the post-independence period.
Using historical evidence, the authors establish that districts colonized earlier had a
greater likelihood of having a landlord-based tax system. Therefore, the date of
colonization is used in the IV approach and validates the negative relationship between
landlord district and poorer current public expenditure. In order to create further
evidence that districts similar in many ways except landlord or non-landlord tax
systems had different public investments, Banerjee and Iyers examined samples
restricted to only bordering districts. Overall, results were economically and
statistically significant: landlord districts due to the general population’s lack of public
representation had 40 percent higher infant mortality (less investment in health
infrastructure) and 23 percent lower wheat yields (less investment in agricultural
infrastructure) (Banerjee and Iyer, 2005).
Research on long-term consequences of the Great Famine in China has been
analyzed empirically by individual outcomes–its effect on adult health, fertility, and
other measures of well-being have been the focus of many recent studies. Current
research is abundant because of growth in available Chinese data and classification of
the Great Famine as a quasi-experiment.5 Recent analyses by health economists have
found increased body-mass index and hypertension, stunted growth, as well as
reduced labor supply, wealth, literacy, and educational attainment among cohorts born
during the famine (Chen and Zhou, 2007; Luo et al., 2006; Meng and Qian, 2009;
Almond et al., 2008; Shi, 2011). Furthermore, inter-generational effects of the Great
5Usually, there are unobserved factors that positively relate fetal health with adult social outcomes, but
China’s Great Famine increases the probability of measuring the true causal effect because of its exogenous
treatment and sharp onset (Almond et al., 2008).
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Famine are being estimated. Fung and Ha (2009) found that children of individuals
who were born or conceived during the famine also experience negative effects such as
lower height and weight for their age .
Empirical and theoretical papers investigating the impact of substantial
population loss on economic development in other contexts have found both positive
and negative relationships. Voigtlander and Voth (2012) explained how the
demographic shock to birth and death schedules in medieval Europe triggered a
transition to a better steady state for economic growth. The authors suggested that
population loss from the Black Death and high death rates in unhealthy European cities
decreased labor supply and raised wages substantially. In the same vein, Young (2005)
concluded that HIV in Africa increased labor scarcity and boosted consumption for the
survivors. Still, the economic growth literature argues that the primary negative
consequence due to population loss is the loss of human capital and ideas needed for
economic growth (Galor and Weil, 2000; Jones, 2001; Kremer, 1993; Galor and Moav,
2022; Cervellati and Sunde, 2005).
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I.IV THEORY
Famine severity varies directly with the death toll and handicapping of
survivors (Chen and Zhou, 2007; Luo et al., 2006; Meng and Qian, 2009; Almond et al.,
2008; Shi, 2011; Fung and Ha, 2010). It is through population loss and weakened
community members that economic growth for the region is affected. First, looking at a
simple aggregate production function of the form:6
Y = F(AL, K) (1)
in which Y is aggregate production, AL is the effective labor, K is the capital supply,
and α, where 0 < α < 1, defines the complementary contribution of labor and capital to
production. The effective labor supply consists of A, a measure of human capital, and
the labor supply L. This simple economic growth model predicts that a loss of labor
and human capital will decrease aggregate output.
If, however, equation 1 is altered to model output per capita, then Y/L may
increase if the labor supply decreases. Using the per capita production model of the
form:
y = (A, k) (2)
in which y = Y/L is output per capita, AL/L = A is still a measure of human capital,
and k = K/L is capital per person. A loss of labor supply would increase k, known as
capital deepening. If A is constant, a decrease in labor supply will increase capital
6The model assumes constant returns to scale.
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deepening, and increase output per capita, y. Because the health economics literature
suggests that human capital accumulation after the Great Famine was negatively
impacted by famine conditions, then A did decrease. Therefore, prediction of how y
changed results from the competing magnitudes of the decrease in A and the increase
in k.
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I.V DATA
I.V.I EXCESS DEATH RATE (1959-1961)
For my variable of interest, I used the most disaggregated and accurate
calculation of the excess death rate during the Great Famine, 1959-1961, published by
Dr. Cao Shuji of Shanghai Jiaotong University (Cao, 2005). Cao recovered unnatural
deaths and the population in 1958 by combining population estimates for counties from
the 1953, 1964, and 1982 county-level national censuses and yearly population,
mortality, and migration information from city and county gazetteers.
The questionable accuracy of 1964 census data in areas with high death tolls
during the Great Famine serves as a rationale for reassessing that demographic disaster.
The death toll likely was reported at a lower level than the reality to cover up the
disaster (Yang, 2012; Zhou, 2013). In order to obtain a better estimate of excess deaths
during the obscured time period, Cao combined county census data with his own
collection of yearly population, mortality, and migration information from city and
county gazetteers. Cao acknowledged that, although his supplemental information
remained incomplete, it was sufficient to calculate more informed estimates of excess
deaths (Cao, 2005).
The smallest administrative unit shared by the 1953, 1964, and 1982 national
censuses is the historical fu (or zhou) region. The fu, based on the zhou regions from
early history, has served as a fairly stable administrative unit for a millennia and was
only recently abandoned by the Communist Party leadership around 1950. The average
excess death rate for Great Famine was calculated using the following formula for each
fu, i,:
EDRi =
∑1960j=1959
Unnatural Deathsij
3
Population 1958i
(3)
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The boundaries of fu regions of 1820 are accurately published as a GIS shapefile at the
Harvard CHGIS department (CHGIS, 2010; Twitchett and Fairbanks, 1979).
Excess deaths during famine periods primarily come from starvation and
diseases brought on by depleted immune systems, and very young and very old people
are particularly vulnerable. It remains unclear if unnatural deaths during the Great
Famine were confined to typical vulnerable populations or if the usually robust
working age population suffered at a disproportionate rate because of excessive
workloads demanded by the Great Leap Forward policies (see appendix A.II, figure 1).
Following the literature on general famine conditions, Xin Meng and Nancy
Qian developed a proxy variable for famine severity at the county level, based on the
relative size of the cohort born during the height of the Great Famine, 1959 and 1960
(Meng and Qian, 2009). Intuitively, the death rate of individuals either in-utero or in
infancy during 1959 and 1960 would respond most acutely with famine intensity. In
order to achieve a conservative estimate of famine intensity, the mean size of the 1959
and 1960 cohort is compared with mean cohort size for the year 1954 to 1957, since
young children are also a vulnerable population, but less so than newborns (see
appendix A.II, figure 3).
Individuals born in 1959 and 1960 were considered part of the Great Famine
birth cohort and individuals born in 1954, 1955, 1956, are 1957 are the non-famine birth
cohort. These individuals are identified in the 1990 county-level 1% population census
by their year of birth.7 The sample is restricted to those individuals living in the county
in which they were born.
7(China Population Information Research Center, 2013)
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The Great Famine birth cohort proxy was calculated using the following
formula for each fu, i, in which all cohorts, 1954-1957, 1959, and 1960 containing at least
15 individuals:8
Cohort ratioi = (
1960
∑
j=1959
cohorti × 2)\(
1957
∑
j=1954
cohorti) (4)
The county-level cohort ratio is aggregated up to the fu-level using formula (4) for each
fu-region. The EDR and cohort ratio at the fu-level are correlated at 0.67 (see appendix
A.I, figure 2).
8Areas with very small cohorts were excluded to avoid mistaking natural fluctuations in cohort size
between years as famine severity.
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I.V.II CONTROLLING FOR CONFOUNDERS
The set of covariates included time invariant characteristics typical in the
development economics literature, e.g., slope, agricultural suitability, climate, access to
the ocean. Measures of historical demographics and historical events informed by the
literature as control variables to address possible confounding influences in
implementation of Great Leap Forward policies. In the baseline fu-level analysis, two
additional historic demographic variables were included: the population in 1958 and
the population growth rate between 1953 and 1958 (Cao, 2005). Table 2 presents
summary statistics for all included variables in the baseline analysis.
A major goal of the Great Leap Forward was the industrialization of China.
To promote this objective, the CCP subsidized urban populations by supplying
consistent food rations. Between 1959 and 1961, famine conditions did not extend to the
cities, because their populations were allotted a ration of the grain procured from the
countryside. This analysis controlled for the urban share of a Fu-unit’s population
measured in 1950. Those data are available through the History Database of the Global
Environment (HYDE) (Klein Goldewijk et al., 2010). HYDE publishes the total
population, the rural population, and the urban population for gridded unit 0.5 x 0.5
degree or about 60km x 60km in size. 9 The study also controls for the number of towns
in an region as of 1820 as an additional proxy for regional urbanity (CHGIS, 2010).
Recent insights regarding the famine’s distribution have identified grain
procurement policy as a major reason for the Great Famine. In a working paper, Meng,
et al. (2011), found that an area’s capacity for grain production was positively
correlated with more severe famine conditions. To account for grain productivity, this
analysis controlled for general agricultural suitability and the percent of land area that
9The globe is divided up in 360 degrees longitude and 180 degrees latitude. A 0.5 x 0.5 degree grid cell
is an area measured by 1/2 degree longitude and 1/2 degree latitude. Between the latitudes applicable to
continental China, a 0.5 x 0.5 degree grid cell is about 60km x 60km in size.
17
was cropland in 1950. Historical cropland data come from the Center for Sustainability
and Global Environment (SAGE) at the University of Wisconsin-Madison Ramankutty
and Foley (1999). The SAGE cropland data vary continuously from 0 to 1 as the fraction
of the fu area covered by cropland in 1950.10
The confounding effect of unobservable baseline wealth remains a conern,
because wealthier areas at baseline may have experienced less famine, and may also be
better-off in 2010. Historical narratives suggest an attainable proxy variable as
cultivated land per capita. Cultivated cropland actually represents the most realistic
form of the sources of wealth, given that all regions of Asia outside of Japan were
predominately agricultural after World War II (Westad, 2003, p. 17). Cropland per
capita was constructed by dividing total cropland by total population for each region in
1950.
Development trajectories also may be affected by two major political events
that took place after the Great Famine–the Cultural Revolution (1966-1976) and the
Open Door Policy (ODP) after 1980. Historical evidence indicates that these extremely
violent events were highly localized and that their distribution was unrelated to the
Great Famine. Specifically, collective killings in rural areas were most prevalent in
Guangdong and Guangxi provinces in South China; other provinces experienced much
less violence (Su, 2011). Comparing famine deaths (1959-1961) in Guangzhou province
to violent killings (1966-1967), the counties with intense famine severity have an equal
chance of having mass rural killings or not.11 In Guangxi, however, mass killings took
10SAGE gridded cropland data for 1950 were used for three reasons. First, SAGE estimates their historic
cropland distribution data based on sub-national agricultural documents. Second, the correlation between
highly agricultural land in 1950 and the excess death rate is positive which is substantiated by the results
found in a working paper on underlying Causes of the Great Famine (Meng and Qian (2011)). And finally,
the alternative data set produced by HYDE bases their cropland distribution on the distribution of the
human population, already controlled for by 1950 population and 1950 urban share covariates. Both the
HYDE and SAGE databases warn users about the possible error in their cropland measure for analysis
below the national-level.
11County-level famine severity is measured by a distorted cohort ratio.
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place in counties with previously high famine rates more than half the time. Su (2011)
suggested that collective killings were perpetrated by civilian killers and varied widely
across communities.12 In addition, initially, violence in cities during the Cultural
Revolution was directed against persons with suspected bourgeois tendencies and was
not linked to consequences of the Great Famine (Song, 2011).
Another possible path by which the Cultural Revolution could affect
development could be through relocation of China’s urban youth from cities to the
countryside for re-education by peasants. The “send down youth program” (as it is
commonly known) could confound the analysis if the “send down” program and Great
Famine distributions are related. If, however, the “send down youth” were sent to help
areas affected by the famine a decade earlier and contributed positively to the growth
in their assigned areas, the policy would bias estimates towards zero.
The Open Door Policy (ODP) was started in 1979 by Deng Xiaoping to
improve economic conditions of the country (Huan, 1986). The ODP may have
improved the economic well-being of regions along the coast and in provinces that
established economic zones in port areas, thereby widening the gap in development
trajectories between the affected and unaffected rural areas. Because 240 coastal
counties, representing a majority of the coastline, were chosen for these reforms, a
binary variable indicating coastline controlled for coastal access and possible ODP
implementation.
12Su (2011) created the data set using a primary data set collected from county-level gazetteers. Su
provides the binary data in map form of the two bloodiest provinces, Guangdong and Guangxi, in his
book.
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Finally, important places in recent Chinese history were accounted for in the
analysis. Locations where the early Communist Party was based (prior to 1932) shared
history with the origins of Communist leadership and may have received different
treatment during the events studied. In addition, because of its potentially greater
propensity for improved industrial capital for the geographic extent of the Japanese
empire in China also was included.
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I.V.III MEASURING CONTEMPORARY WELL-BEING
The contemporary well-being was measured by mean per capita GDP and
mean income for a rural household member in 2010. These variables and China’s other
economic information are published at the county-level yearly in the County Statistics
database by the National Bureau of Statistics.13 For analysis at the fu-level, the centroid
of each county in the data set was geo-located and assigned to an 1820’s fu region.
For each fu, calculatation of the mean per capita GDP weighted by the
population used the following formula:
GDPpci =
n
∑
j=1
GDPj
Popj
× Popj
Popi
(5)
where i represents the fu-region and j represents the counties within a
fu-region. The per capita GDP for each county, j, is weighted by the fraction of the
population within county j relative to the total population in the fu-region i, and then
summed up to the fu-region level.
13(China Data Online: Zhongguo shu ju zhi xian, 2010)
21
I.VI ORDINARY LEAST SQUARES
Baseline analysis was conducted at the fu-level, examining the relationship
between the Great Famine and contemporary well-being using a cross-sectional model
with a lagged variable of interest, famine intensity, while controlling for other regional
characteristics. The baseline estimating equation is:
ln(yi) = β0 + β1 × f amine intensityi + β2 × f amine intensity2i + X′iγ+ ei (6)
where ln(yi) is the outcome, the natural log of mean GDP per capita or mean
income per rural household member measured in 2010. The variable of interest is
famine intensity during the Great Famine 1959-1961 for each fu, i = 1..223 where i
represents a fu administrative region. Two alternative measures of famine intensity
were used–excess death rate and birth cohort ratio aggregated to the fu region.
Since economic growth theory suggests that the effect of population loss can
be either positive or negative, allowance for a non-linear relationship between famine
intensity and contemporary well-being incorporated the quadratic term,
f amine intensity2i . Historical demographic variables included in the vector, X
′
i were: 1)
Population in 1950 and 1958; 2) Population growth rate between 1953 and 1958; 3)
Urban share in 1950; 4) Cropland per capita in 1950; 5) Percentage of fu region that was
cropland in 1950; 6) Number of towns in 1820. In addition the following time invariant
physical characteristics were also controlled for: a binary indicator for a coastal area;
climate; slope and slope in a quadratic term; agricultural suitability; area; binary
indicators for the locations of historical events: i.e., early communist bases and the
region under Japanese control up until the end of World War II. By adopting an
instrumental variable approach, concerns about endogeneity were considered.
22
The OLS estimates of equation (6) for GDP per capita and rural income are
reported in tables 3 and 4, respectively (see appendices A.I, tables 3 and 4). In both,
famine severity is measured by excess death rate (EDR). The first columns report the
basic correlation. The second, third, and fourth columns control for baseline
demographics, physical characteristics, and historical events, respectively. In all
specifications, the estimated relationship between famine intensity and contemporary
well-being (GDP and rural income in 2010) are negative and statistically significant.
The fourth specification provides the most conservative estimate and will serve as the
baseline specification in further analyses.
By calculating the percent change in GDP per capita associated with a
one-standard-deviation increase in the EDR, the estimated magnitudes of the relations
between famine intensity and contemporary well-being not only are statistically
significant but also economically meaningful. Using the most conservative estimates
(last column of tables 3 and 4) a one-standard-deviation increase in the EDR is
associated with nearly a -25 percent change in GDP and -20 percent change in rural
income.
Exploring the relationship between famine severity and contemporary
well-being further, table 5 presents variations in the estimates–the proxy for famine
severity and inclusion of province fixed effects (see appendices A.I, table 5). The first
four columns measure famine severity using the EDR, while the last four use the cohort
ratio. Odd-numbered columns include the baseline set of covariates and
even-numbered columns include province fixed effect (for reference, column 1 in table 5
is the same specification as the last column in table 3 and column 3 is the last columns
4).
With the full set of baseline covariates, almost all specifications report
statistically significant and economically meaningful relationship between famine
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severity and per capita GDP and rural income. Additionally, in column 2 of table 5, the
significance between the EDR and per capita GDP holds up to inclusion of province
fixed effects with an estimate 2/3 the size of the baseline estimate. For other
specifications, inclusion of province fixed effects also decreases the magnitude of the
estimate and statistical significance is not maintained. Results in table 5 suggest that
famine severity is associated with nearly a -20 percent change in per capita GDP and
-11 percent change in rural income per rural household member.
24
I.VII INSTRUMENTAL VARIABLE APPROACH
Although OLS estimates show a statistically significant and economically
meaningful relation between famine severity and contemporary well-being, it remains
unclear if the Great Famine had a causal impact on development trajectories. Famine
severity 60 years ago and underdevelopment over the past half century may be jointly
determined. For example, although baseline wealth was controlled using cropland per
capita, it is possible that measure does not adequately capture variation in the degree of
underdevelopment prior to the Great Famine. If underdevelopment exaggerated famine
severity in an area, a negative relationship between the famine severity and
contemporary well-being may be observed, even if the Great Famine did not affect
subsequent economic development. In this section, an instrumental variable (IV)
approach is pursued, to evaluate a potential causal effect of the Great Famine on
current-day GDP and rural household income. The sequential take-over of continental
China by the Chinese Communist Party during the Chinese Civil War (1946-1951) is
used as an instrumental variable because it is correlated with famine severity, but
uncorrelated with other regional characteristics.
Communist advancement, or "Liberation of China" began in Manchuria in
1946 and moved south and west until the People’s Liberation Army (PLA), the military
force of the Chinese Communist Party (CCP), controlled all of continental China and
drove out the Kuomintang (KMT) in early 1950 to the Chinese island of Taiwan.14
Using the date of PLA "liberation" as an IV for famine severity shares attributes of
previous IV variables in the literature measuring the impact of historical events.
14The Communist Advancement (1946-1950) was the tactical advancement of the PLA throughout con-
tinental China, and is a different event from the well-known Long March (1934-1935). The Long March
was the retreat from central coastal China to Yanan, Shaanxi Province by the fragments of the Chinese
Communists after the KMT suppression following the Shanghai massacre of April 12, 1927.
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Banerjee and Iyers (2005 use the date of English imperialism as an IV for the likelihood
that an Indian district’s land-revenue system was controlled by a landlord.
Inspiration for using the CCP liberation sequence as an IV for the death toll
during the Great Famine came from Lin and Yang’s (1998) literature review of the
causes of the Great Famine:
We believe that the political attitude of the provincial leaders is a more useful factor than
loyalty compensation [to the CCP] in explaining the Great Leap radicalism [that caused the
famine] . . . [specifically] a lower ratio of party membership in a province indicates that the
province was liberated later. The newly liberated provinces were mostly in the south.
However, most political leaders in those provinces were from the north, appointed by the
central government. Those leaders were likely to pay less attention to local needs. Moreover,
the southern provinces, such as Sichuan, used to be the power base of the Nationalist
Government. The provincial leaders might have felt that it was necessary to follow the
central government’s policies closely and to suppress any tendency for policy deviation.
Therefore, the provincial leaders in the southern provinces may have implemented radical
policies more thoroughly . . . (Lin and Yang, 1998, p. 132-133).
The CCP had taken full control of China by mid-1950. In rural areas, the CCP
implemented varying degrees of reforms depending on the length of CCP occupation.
In “old” Communist areas, i.e. those occupied since the beginning of the anti-Japanese
war (WWII), more radical cleansing of critical local leaders and cooperative agriculture
initiatives were enacted. In the vast "new" CCP-controlled areas of central and southern
China, reforms were more moderate in order to reduce local resistance to the new
government. By 1947, Mao and his party recognized that newly occupied communities
needed to be changed gradually in order to avert revolt. Propensity for allegiance to the
CCP did not differ much between areas occupied earlier in northern China and those
conquered later during the civil war–most communities reverted back to traditional
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ways as soon as the army left (Saich, 1996; Westad, 2003). Communities north of the
Yangzte River more readily accepted radical wealth redistribution than the south,
because northern China had worse agricultural conditions and a history of warfare
back to the fall of the Qing Empire (Westad, 2003, p. 82).
Only eight years elapsed, between the end of the civil war (1950) and the
beginning of the Great Leap Forward (1958). In some "‘new"’ areas, it took several years
until the CCP believed it had full control (Westad, 2003, p. 280). THus, the "newer" an
area to CCP rule or the later it was conquered by the PLA, the more likely that local
authorities were replaced with a non-local CCP leader.15 The historical account of the
PLA advance across China (extending from Hebei province in 1947 to Yunnan province
at the Burmese border in 1950) was used to quantify the PLA’s advancement. Fu areas
were ranked (from first to 223rd, table 6)by drawing on the dates large cities were taken
by PLA and the direction from which the army came (see appendices A.I, table 6).
Following the thinking of Lin and Yang (1998), areas that came under CCP
control later were more likely have non-local CCP officials in positions of authority at
the beginning of the Great Leap Forward and areas with non-local leaders experienced
more intense famine conditions. To measure the relationship more precisely, other
fu-level characteristics that may have influenced both the Great Famine and the CCP’s
order of occupation were controlled. First-stage estimates come from the following
regression:
f amine severityi = α0 + α1(liberation sequencei) + Z′iΩ+ ξ i (7)
15Unlike the influence of the liberation sequence had on the implementation of the Great Leap Forward,
there is no evidence that outcomes during the Civil War contributed to the implementation of the 3rd, 4th,
5th Five-year plans, etc.
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where f amine severity is the excess death rate or the cohort ratio. The
liberation Sequencei is the variable of interest and is the ranking of Fu regions from 1 to
223 corresponding to the first to the last region to be occupied by the PLA troops. Z′i is
a vector of the baseline set of control variables including historical demographics,
physical characteristics, and historical events.
Variation in famine severity as a consequence of the Great Leap Forward was
affected by leadership qualities such as radicalism and lack of empathy for the suffering
(Kung and Chen, 2011). First-stage estimates presented in table 8 confirm that the
liberation sequence is associated with famine severity. Still, to serve as evidence for the
validity of the liberation sequence as an instrumental variable, it must not be related to
other characteristics that also influence development. In order to address the various
ways the liberation sequence could be related to development, other than through the
Great Famine, its empirical correlation was examined with predictors of development; a
rationale constructed using simple economic theory; and examples cited from historical
narratives.
Table 7 presents the relationship between liberation sequence and urbanity
(urban share of the population) in 1950, cropland per capita in 1950, population growth
rate between 1953 and 1958, and population density in 1950 (see appendices A.I, table
7). If characteristics determining the development potential of a region had driven the
PLA to take over China in a particular sequence, concern would exist.16 There appeared
to be no clear relationship between the liberation sequence and these proxy variables
related to development potential.17 Additionally, the lack of a clear relationship
between the growth rate following the civil war and the liberation sequence suggests
16The population growth rate between 1953 and 1958 is a proxy for other characteristics that influence
development, since the growth rate in the 1950’s should not be directly related with contemporary well-
being.
17This test was always conducted for the sample of fu’s restricted to a cohort size greater than 25
individuals, and produced similar results.
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that destruction during the civil war is unrelated to the sequential take over.18
Installment of non-local leaders in “less-loyal” areas represents a central
feature of the first-stage relationship between the liberation sequence and famine
severity. In 1950, the CCP had hundreds of millions of people under their control and
relatively few trained Communist leaders or cadres. Therefore, that scarcity meant that
cadres had to serve in the most-needed areas. By 1961, China had been under
Communist rule for a decade, enough time for local leaders to demonstrate allegiance
to the government. The presence of politically acceptable local leaders increased the
opportunity cost for the interim non-local cadres, prompting a turnover in leadership to
the local authority. The cadre then could transfer elsewhere in the political system
which was their likely goal in the beginning (Manion, 1985).
IV estimates are reported in table 8 for famine severity measured by both the
EDR in columns 1-2 and the cohort ratio in columns 3-4 (see appendices A.I, table 8).
First-stage estimates are reported in the bottom panel of the table and second-stage
estimates in the top panel. Coefficients for the instrument are positive and statistically
significant, suggesting that the later a fu-region was taken over by the PLA, the greater
the famine severity. Calculating the beta coefficients of the first-stage estimates, a
one-standard-deviation increase in the PLA sequence increased the EDR by a bit more
than 0.5 of a standard deviation–and the cohort ratio by 0.4 of a standard deviation.
Thus, every 20 point increase in a fu-region’s rank in the PLA sequence increased their
famine severity 1 percent (using the EDR).19
In the top panel of table 8, column 1 reports the impact of the EDR on per
capita GDP in 2010, column 2 reports the impact of the EDR on income per rural
household member in 2010, column 3 reports the impact of the cohort ratio on per
18This concern about harm to the occupied communities is addressed by accounting for the route trav-
eled by the PLA during the civil war.
19The XPLA=112 and the σPLA=64.5.
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capita GDP in 2010, and column 4 reports the impact of the cohort ratio on income per
rural household member in 2010.
Estimates for famine severity all are negative and statistically significant. The
magnitudes of the impact of famine severity on per capita GDP are relatively similar to
the OLS estimates, a one-standard-deviation increase (EDR: 6%, and cohort ratio: 0.60)
in famine severity lowered per capita GDP by a -15 to -21 percent change, and lowered
rural income by a -12 to -21 percent change.20 Overall, the IV results confirm the
negative and economically significant relationship between famine severity and
contemporary well-being measured by both per capita GDP in 2010 and income for a
rural household member in 2010 estimated by the OLS.
20The smaller impact came from the EDR measure.
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I.VIII COUNTY-LEVEL ANALYSIS
The fu-region (used in the previous analyses) is similar in size and
geographic boundaries to contemporary administrative unit, called a prefecture. A
group of prefectures constitute a province, and a prefecture is comprised of a group of
counties. The fu-level EDR data set contains an additional variable measuring the
disaster area within a fu region (Cao, 2005). Each fu included in the analyses had an
EDR > 0; the disaster area ranged from 1 to 25 percent of the fu. Variation within a fu
prompts further analysis at the county-level. County-level economic data and the
cohort ratio proxy variable allow county-level analysis of the relation between famine
severity and contemporary well-being. Additionally, the county-level data set extends
beyond the boundaries of 1820’s China and into regions both conquered by the
Communists after 1949 and where the EDR data set does not have observations. The
estimating equation for county-level is:
ln(yi) = λ0 + λ1 × cohort ratioi +W′iω+ ξ i (8)
where ln(yi) is the outcome, the natural log of mean GDP per capita or mean
income per rural household member for the county measured in 2010. The variable of
interest is cohort ratio for each county, i = 1..1251 where i represents a county
administrative region (see appendices A.I, table 9).21
W′i contains the historical demographic variables including population in
1950, urban share in 1950, cropland per capita in 1950, percentage of county that was
cropland in 1950, and number of towns in 1820; the time invariant physical
characteristics of the county region, as in the baseline analysis at the fu-level; and the
binary indicators for locations of early communist bases and the region under Japanese
21In the specification using mean income per rural household member for the county measured in 2010
the sample size is 1170 because of missing or non-existent rural income data for some counties.
31
control until the end of World War II. The county-level analysis allows for the inclusion
of a dummy variable for whether the Long March (1932-1933) crossed through the
county.22
In a recent working paper by de la Rupelle and Shi (2011), the authors found
that the counties crossed during the early Communist’s Long March (1932-1933) have
experienced different development trajectories than their neighbors due to their almost
mythical role in Communist history. In some specifications, province and prefecture
fixed effects were controlled. oncerns about endogeneity were addressed by exploiting
exogenous variation in the cohort ratio using the PLA liberation sequence (IV).
Table 10 displays estimates for the relationship between the cohort ratio at
the county level and both GDP and rural income (see appendices A.I, table 10).23
Estimates for per capita GDP resemble earlier findings, i.e., there is a negative and
significant relationship between famine severity and GDP, but the relations becomes
unclear when province and prefecture fixed effects are included. The magnitude of the
coefficient in column 1 is interpreted as a one-standard-deviation increase in the cohort
ratio (0.60) is associated with a -6 percent change in the GDP.
Interestingly, the most conservative estimate of the relationship between the
cohort ratio and rural income is highly statistically significant and positive. The
magnitude of the estimate reported in column 6 is that a one-standard-deviation
increase in cohort ratio (0.60) is associated with a +4 percent change in rural income. A
practical explanation can describe why famine severity positively impacts rural income
at the county-level, while negatively impacting rural income in the baseline analysis.
Because the famine disaster area of a fu was less than 25% of the total land area, only
22The Long March is not included in the fu-level analysis, because the route the early Communists took
was narrow and an indicator at the fu-level is unlikely to capture the effect in a meaningful way.
23I choose to use the linear specification in the county-level analysis because the addition of the quadratic
term diminished the statistical significance of the linear term and did not have statistical significance on
its own accord. It seemed that a quadratic specification was not the correct relationship.
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some counties within a fu were affected. If, during the Great Famine disaster,
emigration from a prefecture/fu was prohibited, but movement within a prefecture/fu
to non-disaster areas was tolerated, famine severity at the county-level would
encompass both the death toll and the loss of emigrants, while famine severity at the
fu-level would only capture the death toll. Variation in the loss of people at the
county-level may lead to an enlarged effect of capital deepening when compared to the
effect observed at the more aggregate fu-level.
Although the liberation sequence variable was shown not to be correlated
with the error term in the baseline estimating equation 6, one possible relationship
between the liberation sequence and development trajectories (excluding the famine
severity) remains unaddressed. Perhaps, the destruction during the civil war is related
both to the liberation sequence and development. The disaggregated nature of the
county-level analysis allows further control for destruction during he civil war, by
controlling for the route the PLA physically walked during the civil war. Logically, civil
war destruction was more likely to have occurred in locations where the PLA was
physically present than in areas they did not pass through. Since the PLA usually
walked on often-traveled routes, however, the PLA’s path indicator should not capture
differences in accessibility rather than the PLA path. An indicator variable was
included to capture whether or not the county was in a often-traveled path between
two major cities (see appendices A.II, figurefig:PLAroutes).
To construct these two covariates (the PLA route, and the generally traveled
routes) 61 major historical cities in China, selected from all Chinese provinces, were
geo-located.24 Using GIS, the shortest distance between each nearby city and likely
24The 61 cities area in Anhui: Anqing, Hefei, Wuhu; Fujian: Fuzhou, Xiamen; Gansu: Lanzhou; Guang-
dong: Guangzhou; Guangxi: Guilin, Nanning; Guizhou: Guiyang; Hebei: Baoding, Beijing, Chengde,
Shijiazhuang, Tianjin, Zhangjiakou; Heilongjiang: Bei’an, Harbin, Jiamusi, Mudanjiang, Qiqihar; Henan:
Kaifeng, Luoyang, Xinxiang, Zhengzhou; Hubei: Wuchang, Wuhan; Hunan: Changsha; Neimenggu: Ho-
hot, Ulanhot; Jiangsu: Nanchang, Nanjing, Wuzi, Yangzhou, Zhenjiang; Jilin: Changchun, Jilin City,
Tonghua; Liaoning: Dandong, Jinzhou, Liaoyang, Shenyang; Ningxia: Yinchuan; Qinghai: Xining;
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travel route were plotted for each pair of cities.25 If a county is intersected by one of
these general paths of 20km width, it is considered part of the commonly traveled areas
of China. Next, using maps of the PLA routes during the civil war, commonly traveled
routes that the PLA walked were highlighted. If a county is intersected by the PLA
path, it wass considered a potential location for civil war destruction.
The IV estimates are displayed in table 11; all columns include the baseline
set of control variables within the addition of the two binary variables for whether a
county was in a general path and a PLA path, as well as the binary indicator of the
Long March route (see appendices A.I, table 11).26 The first column reports estimates
without any fixed effects, the second column includes province fixed effects, and the
third column includes prefecture fixed effects. In the county-level analysis a quadratic
specification in the first-stage regression relating the PLA sequence and the cohort ratio
provided the best fit for the data and allowed testing over-identification restrictions.
One explanation for the non-linear relationship between the liberation sequence and the
famine severity at the county-level may be that the sample included over 1000 counties
and a constant linear relationship seems unrealistic.
First-stage estimates are reported in the bottom panel of table 11. The
statistically significant point estimates in columns (1) and (2) evaluated at the mean
value of the liberation sequence (z¯ = 570) suggest that a one-standard-deviation
increase in the liberation sequence (σz = 352) is associated with more than a 12
Shaanxi: Xi’an; Shandong: Jinan; Shanxi: Taiyuan; Sichuan: Chengdu, Chongqing, Kangding, Xichang
(the KMT final location); Xinjiang: Urumqi, Yining; Zhejiang: Hangzhou; Xizang: Lhasa, Yunnan: Kun-
ming.
25Only likely routes were plotted. For example, if a traveler wanted to go from Beijing, Hebei to Urumqi,
Xinjiang in the far west, he/she would not walk in a straight line 2000 miles through the barren desert,
but would travel from city to city along the way. These city to city trips were plotted.
26The inclusion of the PLA path produces a similar estimate in the first-stage and second-stage results
to the specification without these pathway variables. The lack of influence the PLA path have may be an
indication that the destruction during the civil war does not have a clear correlation with the liberation
sequence and subsequent development.
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standard-deviation (σratio=0.6) increase in the cohort ratio.27 The relationship between
famine severity and the PLA sequence at the county-level is consistent with the
relationship in the fu-analysis.
Second-stage estimates are reported in the top panel of table 11. The estimate
for the cohort ratio is positive and statistically significant in column (1) when not
controlling for province or prefecture fixed. The magnitude of this estimate is
significantly larger than the OLS estimates at the county-level. Following from the
interpretation of the first-stage results in this specification, a one-standard-deviation
increase in the PLA sequence is associated with a 0.35 standard deviation increase in
the cohort ratio, and a +25 percent change in income for a rural household member.28
The IV results present some evidence confirming the positive relationship between
famine severity and rural income. Point estimates for the remaining two specifications
(in columns 2 and 3) are not statistically different from zero.
27The computation for column (1) is ( dxdz = 0.0010335 − 7.82 × 10−7 ∗ 570) ∗ 100 = 0.001, then since
σz = 352, 0.001*352= 0.35 which is a little more than one-half a standard deviation in the cohort ratio.
28A 1 σ increase in PLA sequence leads to a 0.35 ∗ 0.679 ∗ 100 = +24 percent change in rural income.
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I.IX CONCLUSION
Combining actual excess death data as well as a proxy for famine severity
during the 1959 to 1961 Great Chinese Famine with an extensive collection of historical
demographic variables, historical events, and time invariant characteristics, has found a
robust negative relationship between the Great Famine and subsequent economic
development in China.
Three strategies were pursued to better understand whether the relationship
is causal or spurious. If historically underdeveloped regions suffered more during the
famine–and these regions are underdeveloped today–it may explain the observed
relationship between famine severity and contemporary well-being. Reviews of
historical, political, and economic analyses of the Great Famine, found evidence that
regions suffering the most have historically been the most well-off and well-fed
communities in China (Meng and Qian, 2009). Therefore, a proxy measure for wealth,
cropland per capita, was included in the baseline estimation, to stratify the sample by
the quantity of available assets per person. The order in which China was conquered by
the Communist Army was used as an instrument to estimate the potential causal effect
of the Great Famine. The basis for this relationship relies on the increased likelihood of
a non-local Communist leader’s being appointed to control an area that came under
control of the Communists later during the Chinese Civil War (1946-1951). The IV
estimates confirmed baseline OLS results, suggesting that greater famine severity
resulted in a worse standard of living today.
Finally, the analysis was extended to examine the relationship at the more
disaggregated county administrative unit. OLS estimates at the county-level confirmed
the negative relationship between famine severity and per capita GDP, but suggested a
positive relationship between famine severity and income for a rural household
member at the county-level. The impact of the Great Famine on rural household at the
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county-level was examined further, to control for possible wartime destruction, using
the PLA liberation sequence supplemented with information on actual routes walked
by the army during the civil war. IV results in the county-level analysis confirm the
positive impact of the Great Famine on income for a rural household and provided
evidence for the significant magnitude of capital deepening that occurred. Because the
baseline analysis occurs at a larger administrative unit encompassing many counties,
the possible presence of emigration across counties may have altered the nature of the
demographic shock captured by the cohort ratio proxy, from purely famine conditions
in an area to famine conditions combined with the loss of emigrants.
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II PARASITES AND POPULATION: AN OBSTACLE TO
DEVELOPMENT
II.I INTRODUCTION
Mosquito-borne parasites and viruses, such as malaria and yellow fever, have
been responsible for enormous human mortality and morbidity throughout history.
Although they now are known primarily as tropical diseases and associated with
impoverished socio-economic status, before modern medical innovations, “marsh
fever” (as malaria was known in the past) was prevalent in warm, humid regions and
infected nearby communities indiscriminately. Mosquito-borne disease was cited as a
main cause for collapse of the Roman Empire (4th and 5th centuries) (Sallares and
Gomzi, 2001), as an influential factor in distribution of settlements during the European
colonial period (1500-1850) (Acemoglu et al., 2001); and for failure of the French
campaign to build the Panama Canal (1880-1888) (Packard, 2007). Beginning near the
end of the nineteenth-century, however, great strides were made to control “marsh
fever.” Following in the footsteps of bacteriologists, scientific innovations advanced
understanding of disease causation. By understanding transmission mechanisms of
diseases, targeted prevention efforts could be conducted, thereby decreasing morbidity
rates which, in turn, improved the standard of living for afflicted populations as well as
decreasing overall mortality rates.
Preventive methods to decrease mosquito-borne disease transmission became
part of a larger revolution in public health and medicine during the latter part of the
nineteenth century with the discovery of bacteria.29 "Germ Theory" significantly
improved health by focusing sanitation efforts on identifying and attacking germs that
cause disease rather than on eliminating non-specific conditions correlated with disease
29Louis Pasteur, Robert Koch, and Joseph Lister were at the forefront of bacteriological discoveries in
the early 1880’s.
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(e.g., poverty.) 30 Empirical measurement of these efforts to improved health conditions
on aggregate population growth rarely has been achieved, however, because
advancement in medicine usually is correlated with other characteristics of
communities such as poverty, accessibility to outside information, and governmental
institutions. This study introduces an exogenous source of variation in the emergence
of medical knowledge and its distribution among communities who could benefit.
Specifically, this study measures the impact of improved health through mosquito
control and malaria prevention on population growth by exploiting the timing of
discovery that mosquitoes transmit disease (1898) and the geographic distribution of
malaria prevalence in 1900. Malaria and other mosquito-borne diseases continue to kill
people around the world, this paper provides the best available estimation of how
anti-malaria efforts, e.g., thus far have decreased mortality and morbidity. Since 1920,
close to 35 percent of the increase in population in malaria-endemic regions of world is
due to mosquito disease control and this suggests that continued interruption of the
mosquito transmission mechanism will curb future mosquito borne disease, especially
with predicted increases due to global warming.
Unlike other public health initiatives, boundaries of vector control
implementation are both temporal and spatial: vector control began after 1898 and was
carried out only in areas plagued by mosquito-borne disease.31 Introduction of vector
control affected the population in areas in which prevention initiatives were
implemented in several ways. First, vector control directly lowered the incidence of
mosquito-borne disease, resulting in lower direct and indirect mortality rates, thereby
lowering the death rate within the existing population.32 Second, vector control
30Louis Pasteur captured this transition in public health when he stated, “Whatever the poverty, never
will it breed disease.” (Moulin, 1995, pg. 253)
31The mosquito is the vector, or mechanism, for disease transmission.
32Shanks, et al. (2008) analyzed mortality rates for malaria in the Andaman Islands during the colonial
era. The authors found that deaths due directly to malaria comprised one-fifth of total mortality, but other
infectious diseases were positively correlated to malaria incidence. Deaths due to other infectious disease
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lowered morbidity rates which may have increased immigration to historically affected
regions. Third, reduced morbidity and mortality rates allowed economic development,
e.g., building the Panama Canal, plantation cultivation in Oceania. Development, in
turn, positively impacted the established population and increased the immigration
rate (Packard, 2007). Intuitively, impact of vector control activities on human mortality
can be assessed by looking at the difference in population size before and after 1898
and comparing areas with a relative difference in disease transmission potential. The
benefit experienced by communities from vector control campaigns would be expected
to vary directly with the degree to which a disease was endemic.
In order to exploit the temporal and spatial boundaries of public health
campaigns using vector control, the study used a difference-in-difference (DID)
methodology. Initial malaria endemicity was used as a proxy for overall
mosquito-borne disease mortality; historic population data from the History Database
of the Global Environment (HYDE) were used to construct a baseline evaluation of
malaria prevention’s average impact on the global population. The accuracy of findings
were verified using a variety of robustness checks.33 The spatial extent of historic global
malaria endemicity was obtained from the 1968 map created for the World Health
Organization’s scientists. By compiling historical documents and maps of
malariometric indices, the entire world was classified by the estimated malaria parasite
rate in children in 1900 (Lysenko and Semashko, 1968; Hay et al., 2004).
For the temporal boundary of vector control in public health campaigns, the
1898 discovery marks the earliest boundary. To attain a temporal discontinuity that was
more empirically accurate, the study estimated the relationship between the interaction
of baseline unadulterated malaria endemicity and population density for each decade
combined with malaria made up another one-fifth of total mortality. Therefore, in their case study, malaria
contributed to 40 percent of total mortality.
33Population density was instead of total population to account for the slight change in total area of
gridded units based on their proximity to the equator.
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between the year 1850 and 2000 to determine whether a significant change in the
relationship occurred.34 In my baseline analysis at the pixel-level the data suggests that
malaria prevention began to be effective during the “sanitation era” (circa 1920).35
Overall, this study estimates up to a 35 percent population increase during the 20th
century due to mosquito control.
Several placebo tests were implemented to test the robustness the temporal
discontinuity, the start of vector control. Additionally, at the pixel-level, the analysis
was restricted to regions of the world defined by humidity and elevation. A temporal
shift in population density should exist in low lying or humid areas in a similar way to
full sample because of sufficient variation in malaria endemicity. Yearly population
density changes in high or arid regions, in contrast, should not have been affected by
the introduction of vector control. In addition, this study also identified the temporal
shift at the country level. The identification strategy and magnitude of the estimate
stood up to these tests and further validate the found impact of malaria prevention on
the human population.
The rest of the paper was structured as follows: section II.II gave the
background on the mosquito-borne diseases and the discovery of mosquito
transmission and II.III presented as well as a brief overview of related and influential
literature. Section II.IV provided details about the historic geographic distribution of
malaria and information about the population density data I use in the analysis. The
relationship between malaria endemicity and population was analyzed at the pixel-level
in section II.V and baseline results were presented. In section II.VI, the stability of the
estimates was tested using a series of robustness checks. Section II.VII concluded.
34Detailed information about the pixel level analysis is given in sections II.IV and II.V. To give a brief
overview: the globe is divided up into 360 degrees longitude and 180 degrees latitude. A 0.5× 0.5 degree
grid cell, or pixel, is an area measured by 1/2 degree longitude and 1/2 degree latitude or 60 km× 60 km
in size measured every decade between 1850-2000.
35HYDE suggested only relying on minute spatial accuracy of their population data back to 1850. This
study was able to extend the country-level analysis back to 1800 because the aggregate data are accurate.
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II.II BACKGROUND
This research, focuses on two main mosquito-borne diseases, malaria and
yellow fever, although there are others such as dengue fever. Malaria, prevalent in
tropical and subtropical wet regions of the world, is caused by many species of
parasites within the genus Plasmodium and spread through the saliva of an infected
Anopheles mosquito into a person’s blood stream. Yellow fever, in contrast, is caused
by a virus of the Flavivirus genus and transmitted by the Aedes aegypti mosquito.
Yellow fever occurs in Africa and the Americas and was probably introduced to the
New World from Africa during the Atlantic Slave Trade. Once the mosquito ingests the
virus from a human infected with yellow fever, the mosquito’s body begins to destroy
the virus DNA. If the infected mosquito feeds on another human before the yellow
fever virus is destroyed, the virus is transmitted through the mosquito’s saliva to a new
person. Before 1898, these scientific details were unknown.
In 1880, Charles Louis Alphonse Laveran, a French military doctor working
in Algeria, first observed the presence of malaria parasites in the red blood cells of an
infected person. Laveran eventually received the Nobel Prize for his scientific
contribution to medicine. In 1881, Carlos Finely, a Cuban-Spanish physician, provided
strong evidence that mosquitoes can transmit diseases to humans. Undeniable proof
that the mosquito transmitted malaria to humans was not provided until 1898, through
the joint research of Sir Ronald Ross and Sir Patrick Manson working in a Indian
hospital. Ross and Manson isolated the malaria parasite in a mosquito’s salivary glands
after it had fed on an infected bird. For their important discovery, Ross received the
Nobel Prize in Medicine in 1902.
Following these discoveries, public health efforts to reduce malaria and
yellow fever infections could take a more focused approach because people knew both
that mosquito bites transmitted disease and what types of mosquitoes were implicated.
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Collaboration among entomologists, physicians, and epidemiologists created a new
field of public health called malariology. Given developing malariological information,
vector control to prevent humans from contracting mosquito-borne diseases was
possible. First, sanitation campaigns identified breeding habitats and flight range of
local carrier mosquitoes. Then, transmission was combated through three main
channels: 1) keeping carrier mosquitoes away from uninfected humans; 2) keeping
infected humans away from mosquitoes; and 3) destroying breeding sites of
mosquitoes.
Advances in sanitation efforts after the discovery that mosquitoes transmit
disease cannot be overstated. An anecdote illustrates the realities of medical ignorance
prior to 1898, during the French campaign to build a canal across the isthmus in the
Panama province of Colombia (1880-1889):
And the while, in the lovely gardens surrounding the hospital, thousands of ring-shaped
pottery dishes filled with water to protect plants and flowers from ants provided perfect
breeding grounds for mosquitoes. Even in the sick wards themselves the legs of the beds were
placed in shallow water, again to keep the ants away, and there were no screens in any of the
windows or doors. Patients, furthermore, were placed in the wards according to nationality,
rather than by disease, with the results that every ward had its malaria and yellow-fever
cases. As Dr. Gorgas was to write, had the French been consciously trying to propagate
malaria and yellow fever, they could not have provided conditions better suited for the
purpose (McCollough, 1977).
The French canal project was led by Ferdinand de Lesseps, builder of the Suez Canal. It
would likely have succeeded had they not encountered the disease environment of
Central American forests. The French building effort lasted for nine years–during that
time 20,000 workers died, primarily from mosquito-borne diseases, and the project was
abandoned in 1889 (Packard, 2007).
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Among many examples of vector-control efforts post-1898 that alleviated the
impact of mosquito-borne diseases, the American Campaign to build a Panama Canal
was proclaimed as "the greatest sanitation achievement the world had seen" (CDC,
2010). The American project (1904-1914) was headed by John Stevens, who built the
Great Northern Railroad across the Pacific Northwest; he said that only way the
Americans could avoid repeating the French disaster was to have a well-fed,
well-housed, and disease-free labor force. Stevens employed William C. Gorgas, who
led a group of military sanitation experts, whose task was to eliminate mosquito-borne
disease in the Canal project area. A few years earlier, Gorgas had successfully
eradicated yellow fever from Havana, Cuba after only two years of intense efforts to
improve sanitation.
Yellow fever and malaria were endemic to the Panamanian forests. Gorgas
and his team easily controlled yellow fever because carrier mosquitoes had a limited
flight range. The sanitation team eliminated adults and larvae by fumigating houses, as
well as emptying, covering, and oiling water receptacles. The fight against malaria
proved more difficult because local Anopheles mosquitoes had a longer flight range,
thus a larger area was available for breeding and human survivors could be re-infected.
After identifying the breeding habits of Anopheles mosquitoes, the team set out to
eliminate breeding sites–thus protect laborers and the local population from infection.
Gorgas calculated that his team drained 100 square miles of territory; cleared all brush
200 yards from houses and villages within 5 miles of the Canal Zone; applied 50,000
gallons of kerosene per month to 100 square miles of territory; and putsscreens on
windows and doors of several thousand buildings. The Gorgas sanitation project
greatly reduced mortality and morbidity due to malaria and yellow fever.
Though vector-control efforts had been successful around the world,
European leaders of the League of Nations did not believe that vector control was a
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cost-effective way to combat disease transmission. Instead, the League’s 1924 Malaria
Commission, focused its projects on distributing quinine to infected people, thus
treating each human host individually. Proponents of vector control argued that
quinine distribution relied on cooperation between at-risk individuals and the
sanitation program, while vector-control was out of the hands of the local population,
and more efficient. Although vector-control had helped decrease malaria and yellow
fever transmission rates in the years following the 1924 Malaria Commission, public
health and medicine focused on distributing quinine and elevating afflicted
communities’ overall standard of living. Vector control re-emerged after World War II,
however, as public health practitioners restored a more scientific approach to disease
elimination. In 1955, the World Health Organization began a widespread DDT
campaign to destroy mosquito populations in a cost-effective manner (Packard, 2007).
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II.III LITERATURE REVIEW
Measuring the impact of vector control on populations contributes to the
broader economics literature addressing the impact of health on development.
Although empirical analyses of health effects on development lack valid methods to
demonstrate causality, on mechanism through which health could affect development is
through increasing human capital accumulation. For example, when holding
population constant, better health may allow people to attend school more, attain more
working days a year, and lengthen life horizons (Acemoglu and Johnson, 2007; Fortson,
2011; Lorentzen et al., 2008). Although this research, cannot observe changes in
behavior within a population following improvements in health, the overall change in
population density can be measured. This research is influenced by empirical work on
the historical impact of tropical disease on development (Bleakley, 2009) and a study
assessing the impact of the potato’s introduction on Old World population and
development (Nunn and Qian, 2011).
Bleakley (2009 & 2010) focuses on improvements in children’s health from
eradication of hookworm and malaria in the southern United States and eradication of
malaria in Colombia through DDT spraying. Results show that these sanitation
campaigns significantly improved children’s health, which was reflected in increased
school attendance rates during the post-eradication period . Bleakley’s studies
employed an DID identification strategy that interacted the hookworm or malarial
infection rates during the pre-eradication time period with a binary indicator for the
post-eradication time period. Bleakley assumed that eradication campaigns produced
the largest effect on areas of the southern United States and Colombia that were most
affected by these endemic parasitic aliments.
Although Bleakley’s empirical work, assessing the impact of tropical disease
on children’s health and human capital accumulation, is closer in topic to the research
46
topic of this study, the methods and global focus were influenced by a study that
measured the impact of the potato’s introduction on population and urbanization rates
in the Old World (Europe, Africa, Asia, and Oceania) (Nunn and Qian, 2011). Nunn
and Qian (2011) began their empirical investigation with evidence that nutritional
benefits of the potato held the potential a significant impact on overall population
growth. Their identification strategy used an exogenous source of variation, the total
area of a country agriculturally suitable for potato growth and the potato’s introduction
from the New World to the Old World. Empirical analysis took place at the
country-level (sample included 136 countries) and the results are robust to alternative
definitions of "potato-suitability" and time cutoffs. Nunn and Qian estimated that
introduction of the potato from the Americas to Old World countries accounted for
about 25 percent of the growth in population and urbanization rates in the Old World.
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II.IV DATA
II.IV.I REGIONAL MALARIA PREVALENCE
The geographic distribution of populations at high-risk for transmission of
mosquito-borne disease in 1900 differs from current-day areas where malaria and
yellow fever are considered endemic. Figure 5 shows a dramatic decrease in the
geographic extent of all-cause malaria since the initial bounds in 1900(see appendices
A.II, figure 5). The first two time periods highlighted in figure 5, 1900 and 1946,
precede the two major vector control prevention initiatives known as the "sanitation
era" (1900-1920) and the WHO spraying of DDT, primarily to eliminate Anopheles
mosquitoes (which began in 1955.)
Although the ideal variable of interest would be cumulative presence of all
forms of mosquito-borne disease, this information remains unavailable. Therefore, the
study used the global distribution of historical all-cause malaria as a proxy variable for
probable mosquito-borne disease presence. Efforts to reduce malaria transmission
during the “sanitation era” and campaigns of DDT spraying would also have reduced
transmission rates for all mosquito-borne diseases. The map in figure 6 was created by
WHO scientist, A.J.Lysenko, in 1968 and depicts baseline malaria risk for an area
broken down into six levels (see appendices A.II, figure 6).
Lysenko classified the world into six categories of malaria endemicity based
on a parasite rate (PR) in the 2-10-year age cohort. The highest endemicity level is
holoendemic in which the PR> 0.75; the remaining regions, from high to low, are
classified as: 1) hyperendemic with 0.51 ≥ PR ≤ 0.75; 2) mesoendemic 0.11 ≥ PR ≤ 0.5;
3) hypoendemic ≤ 0.1’ 4) epidemic, i.e., the existence of malaria; and 5) malaria free
areas. The Lysenko map represents the only global map of malaria endemicity and was
synthesized from historical records and maps of malariometric indices, such as records
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of disease and mosquito presence, spleen rates, parasite rates, sickle cell incidence,
sporozoite rates, and biting rates (Hay et al., 2004).
Intuitively, adjacent levels of endemicity provide counterfacutal references.
Widespread heterogenity exists among regions characterized as malaria-free, however,
e.g. polar ice floats, high alpine regions, deserts. While such malaria-free regions may
not provide a good counterfactual for adjacent ‘epidemic’ areas of the world, areas with
some level of endemicity likely share characteristics that are correlated with a
population of people and Anopheles mosquitoes. Therefore, the baseline analysis at the
pixel-level (presented in section II.V) restricted the sample to areas with at least some
malaria prevalence at baseline in year 1900, thereby omitting malaria-free areas.
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II.IV.II POPULATION DENSITY
This empirical investigation seeks to measure the impact of vector control on
the global human population; its outcome variable is population density. Global
geo-referenced historical population maps came from the History Database of the
Global Environment (HYDE) (Klein Goldewijk, 2001). The HYDE database initiated
population estimates by aligning the 1994 population distribution map of spatial
resolution 0.5 degree latitude by 0.5 degree longitude provided by the National Center
for Geographic Information and Analysis (NCGIA) at 0.5 degree resolution
extrapolated back in time via historical censuses. Spatial distribution of the populations
assumed that dense populations remain in similar places over time. Population density
was calculated for each decade, 1850 to 1950, using the number of persons in a 0.5◦ by
0.5◦ pixel divided by the area of the pixel (see appendices A.I, table 12).
In baseline analysis, using the 0.5◦ by 0.5◦ pixel as the unit of observation,
time period analyzed was restricted to the decades between 1850 and 2000 because
HYDE reported an increased potential for error on the spatial assignment of population
prior to 1850.
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II.V EMPIRICAL STRATEGY
The empirical strategy utilized in this paper involved two steps. First, the
data were allowed to suggest a temporal discontinuity in the relationship between
malaria endemicity and population, using a flexible estimation strategy, and looking for
the year when the linear relationship changes from consistent coefficients of low
magnitude to an increase in magnitude (presumably after onset of effective
malaria-prevention campaigns.) Next, time periods were clearly defined, i.e., the
pre-treatment time period before intervention began and post-treatment as the time
afterward. Once the pre- and post-treatment periods were defined, a common
difference-in-difference approach was used to estimate average treatment effect during
post-treatment relative to pre-treatment.
Using the flexible estimation approach for the pixel-level analyses, the
impact of public health campaigns on the distribution of the global population was
examined using the following equation:
yit =
2000
∑
j=year 1
βj×Malaria Endemicityi× I jt +
2000
∑
j=year 1
X′iI
j
tφj +∑
p
γp I
p
i +
2000
∑
j=year 1
ρI jt + eit (9)
where i indexes the unit of observation, the pixel, and t indexes the decades
examined starting in year 1 = 1850 for the pixel analysis and extending to the year 2000.
The variable Malaria Endemicityi is an ordered variable that ranged between 1 and 5 for
the pixel analysis. Malaria Endemicityi was interacted with time-period fixed effects, I
j
t ,
to allow patterns in the data set to be examined for consistency with the historical
evidence of a temporal boundary either during the “sanitation era” anti-mosquito
campaigns around 1910-1930 or the “WHO DDT spraying” campaigns between
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1950-1970.36 The outcome of interest, denoted yit, is the natural log of population
density.37 Equation 9 includes pixel and year fixed effects, ∑p γp I
p
i and ∑
2000
j=year 1 ρI
j
t ,
and country-specific or pixel-specific characteristics including average slope, slope
squared, and average distance to ocean shore interacted with time-period fixed effects,
∑2000j=year 1 X
′
iI
j
tφj. Slope, slope squared, and average distance to ocean shore were
included as proxy variables measuring the accessibility of an area to new information
and are not closely correlated with factors influencing the prevalence of malaria.38
Estimated vectors of βj’s showed the relationship between Malaria Endemicity
and ln(Population Density) in each time period. Pixel fixed effects control for all
time-invariant factors that differ between pixels. Time period fixed effects control for
any patterns in population growth that affect all regions similarly. Identification
assumes that there are no other events with a distribution related to malaria endemicity
that also occurred during the “sanitation campaign” or the “WHO DDT spraying
campaign.”
If increased prevention of malaria transmission decreased mortality and
morbidity, the βj’s would be expected to increase in magnitude for years of the
post-treatment time period as more time lapses from the public health intervention.
Additionally, the relationship between malaria endemicity and population for each
decade of the pre-treatment would be expected to be relatively small and constant
because scientific knowledge had not yet linked the mosquito with the prevalence of
malaria.
36A specialized agency of the United Nations, the World Health Organization (WHO) was established
on April 7, 1948 with its first priorities being the control of malaria and tuberculosis. The WHO used the
pesticide, DDT (diclorodiphenyltrichloroethane), to control mosquito populations.
37The natural log of population density removed extreme skewness that exists in its distribution other-
wise.
38Slope should not be directly related to a region’s suitability for malaria since there are plateaus at high
elevation as at low elevation. Slope measures average changes in elevation for a pixel area.
52
Coefficients from the flexible estimation strategy at the pixel-level using
equation 9 are presented in table 14 (see appendicesA.I, table 14) and graphic
representation of the most conservative estimates in column (4) of table 14 are depicted
in figure 7 (see appendices A.II, figure 7).
Relations between malaria endemicity and population density at the
pixel-level remain relatively small and constant between 1850 and 1910. Starting in
1920, the relationship persistently increased in strength until the present (measured in
2000). The estimated effect of malaria prevention campaigns on population density at
the pixel-level population density differs from the country-level analysis in at least two
important ways. The apparent temporal boundary coincides with efforts of the earlier
“sanitation era” and the relationship between malaria endemicity and population is
linear.
Since pixel-level data suggest that the beginning of a change in the
relationship between malaria endemicity and population began in 1920, estimates of the
average impact of malaria control post-1920 on population until the year 2000 can use
the DID estimating equation with binary treatment period indicator:
yit =
2000
∑
j=1850
βj×Malaria Endemicityi× IPostt +
2000
∑
j=1850
X′iI
j
tφj +∑
p
γp I
p
i +
2000
∑
j=1850
ρI jt + eit (10)
where all the variables are the same as in Equation 9 except term,
∑2000j=1850 βj ×Malaria Endemicity now interacts with a binary indicator variable, IPostt ,
which equals one for each decade 1920 to 2000 and zero otherwise. The coefficient β
measures additional growth in population by an area’s endemicity level after the
“sanitation campaigns” relative to the prior time period.
The baseline analysis utilized Malaria Endemicity as an ordered variable equal
to 1 (epidemic), 2 (hypoendemic), 3 (mesoendemic), 4 (hyperendemic), and 5
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(holoendemic) and omits malaria-free areas. When Malaria Endemicity was constructed
as a series of dummy variables depending on the endemicity level with epidemic (level
1) identified as the base (see appendices A.II, figure 8 ) and a temporal pattern similar
to baseline was found.
Table 15 reports estimates for equation 10 which confirmed earlier findings
that found probable malaria prevention caused increased population density in
mosquito areas (see appendices A.I, table 15).39 Table 15 reports four specifications:
column (1) uses time-period and pixel fixed effects only; columns (2) and (3) explore
the influence each proxy variable for accessibility has on the coefficient, slope measures
and distance to nearest ocean, respectively; and column (4) includes all accessibility
covariates interacted with time-period fixed effects. According to these estimates in
column (4), the coefficient on the interaction term of interest, Malaria Endemicityi × IPostt
can be interpreted as a positive 15 percent change in population density across all
pixels when malaria endemicity increases by one standard deviation.40
To illustrate the magnitude of this result, a simple calculation measured how
much of the observed increase in population density between 1920 and 2000 was
explained by the post-1910 malaria prevention campaigns.41 Given that the natural
logarithm of population density in highly endemic areas of the world increased by 0.91,
from 1.13 in 1910 to 2.08 in 2000, the baseline estimate (column (4) of table 15) was used
to calculate the counterfactual population in 2000 for each pixel, assuming
mosquito-vector control had not been introduced. This is equal to the observed log
population density in 2000 minus the estimated impact of vector control, βˆ multiplied
by the country’s endemicity level, Malaria Endemicity from estimated using regression
39Statistical significance in all pixel-analyses is not meaningful because of the large number of observa-
tions (all estimates demonstrate statistical significance at the 1 percent level.
40The standard deviation of malaria endemicity in the pixel analysis data set is σ = 1.15.
41Again, the counterfactual calculation technique comes from Nunn and Qian (2011) section 5.D. from
their baseline results.
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10. According to these calculations, the counterfactual log population density in 2000
would have been 1.74 (rather than 2.08), and the increase would have been 0.61 (rather
than 0.91). Therefore, the increase would have been 65 percent (0.61/0.94) of the
observed increase if post-1910 vector control had not been introduced. Thus,
introduction of vector control explained 35 percent of the observed increase in
population density in mosquito areas between 1910 and 2000, larger that the impact
found at the country level during a shorter post-treatment (a 27 percent increase during
the 1950-2000 time period).
Pixel-level identification of the 1920 decade as the first year from the impact
of effective malaria prevention also was validated. Estimates using alternate definitions
of the post-treatment period after a placebo intervention are presented in table 16 (see
appendices A.I, table 16). Columns (1) and (2) present truly placebo intervention dates
which would have occurred prior to the discovery that the mosquito transmits malaria.
The estimated coefficients are negative and close to zero, respectively. Column (3)
begins the treated time period just two-years after the 1898 discovery of the mosquito as
a disease transmission mechanism. It was unlikely any significant changes could have
been implemented after such a short duration. However, the “sanitation era” did begin
almost immediately following the discovery and this post-treatment period includes
1900, 1910, and 1920, so it is likely some malaria preventions may be captured in the
estimate. Column (4) reports the baseline specification and the magnitude of the
estimate stands out as much larger than either of the two placebo treatments and larger
than the early “sanitation era” estimate.
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II.VI ROBUSTNESS CHECKS
Baseline analyses at the pixel-level used all pixels in which the malaria
endemicity was above zero or not completely malaria-free. Robustness tests determined
whether or not the estimated relationship between malaria endemicity and population
density (shown in figure 7) is likely true by choosing sub-samples of the data set based
on regional characteristics known to influence malaria endemicity. In these regional
robustness tests, the sample varied by elevation, evapotranspiration (a scientifically
accurate measure of how much water an area retains), and distance to a major river. By
varying elevation and evapotranspiration, analyses could focus on regions that should
contain variation in malaria endemicity levels, e.g., low lying and highly humid areas,
or be restricted to regions in which variation in endemicity disappears, like arid and
high places. The robustness test varying distance to a major river investigated whether
river access confounded the relationship between malaria endemicity and population
over time in a different way than at baseline.
Figure 12 presents trend lines for estimated coefficients (using equation 9
comparable to preceding country and pixel analyses), with samples restricted by certain
evapotranspiration levels (see appendices A.II, figure 10). The potential
evapotranspiration rate (PER) is the sum of evaporation and plant transpiration from
the Earth’s land surface into the atmosphere–simply a measure of how fast an area
loses its stock of water. The PER ranged from 0.125 to 32; the life zone categorization of
each 0.5◦ longitude by 0.5◦ latitude pixel was used to define the PER for each pixel. Life
zone is a single measure ranging from, 1 to 37, used in biology to classify the probable
flora and fauna of a region based on three criteria: 1) biotemperature (based on the
growing season length and temperature); 2) mean annual precipitation; and 3) PER. In
practice, the categorization reference image in figure 10 was used to classify which life
zone category fell into which PER rate zone.
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Panel A (figure 12) presents the trend lines when the sample is restricted to
increasingly humid regions; trend lines depicted in panel B are for samples constricted
to increasingly arid regions (see appendices A.II, figure 12). Three cut-off points were
chosen along the continuum of PER (PER = 8 differentiates between arid and per-arid,
PER = 2 differentiates sub-humid and semi-arid regions, and PER = 0.5 differentiates
per-humid and humid regions). When the sample is restricted to more humid (lower
PER), other characteristics still vary, i.e., temperature, elevation, and total annual
precipitation. In these humid regions, the treatment effects exists as in the baseline
analysis (see appendices A.I, table 17). When the sample is restricted to drier and drier
regions, the shape of the trend line begins to disappear, once the more humid regions
of the world are excluded.
A similar regional robustness check used variation in elevation. Like the
relationship between PER and malaria endemicity, low elevation areas would be
expected contain a wide variation in malaria endemicity, while high elevation would
constrict the variation. Elevation is measured in meters above sea level–the sample
ranges from around 100 meters below sea level to over 5000 meters above sea level (see
appendices A.II, figure 13).
In panel A of figure 13 displays a trendline (constructed from estimated
flexible coefficients) for regions below 1500 meters and below 300 meters.42 As the
sample was confined to lower and lower elevations, the baseline temporal pattern
persisted. Comparing it with panel B of figure 13, as the sample was restricted to
higher and higher regions, the baseline trend changed gradually to one (regions with
elevation greater than 1500 meters) in which the years before 1920 had smaller and
constant coefficients compared to the decades afterward. Estimated DID coefficients for
each region restricted by elevation criteria are presented in table 18 (see appendices A.I,
42The estimating equation continued to drop the 1850 estimate of a mid-altitude cut-off (800 or 900
meters) and therefore would not graph appropriately.
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table 18). Columns (1) though (4) contain estimates for samples whose trend lines were
similar to the baseline (see appendices A.II, figure 13); the DID estimates also are
comparable to the baseline estimates in table 15.
Finally, the flexible and DID coefficients near rivers were estimated. This
robustness check was included to determine whether river access confounded the
relationship between population and malaria endemicity. Graphical depiction of the
flexible coefficients in figure 9 show that changes in the relationship between malaria
endemicity and population near rivers at 10, 50, and 100 kilometers were consistent
with the baseline analysis (see appendices A.II, figure 9). Furthermore, DID estimates
presented in table 19 are similar in size to the baseline estimates (see appendices A.I,
table 19).
Overall, the regional robustness tests showed that the temporal boundary in
1920 during the “sanitation era” uncovered in the baseline pixel analysis was not an
artifact of the baseline sample, but persisted in regions where it would be expected and
disappeared in arid regions and those at high elevation. In addition, an area’s access to
major rivers does not alter the relationship between malaria endemicity and population
density in an unexpected way.
II.VI.I COUNTRY-LEVEL ANALYSIS
Measurement of the relationship between malaria endemicity and
population density used the country-level because was likely not an artifact of
measurement error–since the historic population data at the country-level was more
accurate compared to the historic data at the pixel level–and also economically
significant. Aggregation also improves the quality of population data temporally,
allowing the panel data set to extend from 1800 to 2000 (pixel-level data spans 1850 to
2000). When endemicity was aggregated to the country level, the index ranged from 0
58
to almost 5. Like in the pixel-level analysis, malaria-free areas were omitted. Nine
dummy variables were constructed and in order to further differentiate countries’ mean
endemicity level: 1) Malaria-free areas were 0-.99; epidemic were 1-1.99 (base category);
low hypoendemic 2-2.49; high hypoendemic 2.5-2.99; low mesoendemic 3-3.49; high
mesoendemic 3.5-3.99; low hyperendemic 4-4.49; and high hyperendemic/holoendemic
4.5-5. 43
Similar to the baseline analysis at the pixel level. The outcome of interest,
denoted yit, is the natural log of population density.44 Equation 9 includes pixel and
year fixed effects, ∑p γp I
p
i and ∑
2000
j=year 1 ρI
j
t , and country-specific characteristics
including average slope, slope squared, and average distance to ocean shore interacted
with time-period fixed effects, ∑2000j=year 1 X
′
iI
j
tφj. Additional covariates were included in
the country-level analysis such as agricultural suitability and the identity of the
colonizer was included as an additional control variable.45
Figure 14 shows that a positive change in the linear relationship between
malaria endemicity began in 1920 for regions with moderate malaria prevalence. These
results mimic the behavior of the relationship between endemicity and population at
the pixel-level. At the country-level, however, the most malarial areas, hyperendemic
(low and high)/holoendemic are not able to be evaluated because of the decline in the
estimated relationship prior to anti-malaria interventions.
II.VI.II INCLUSION OF MALARIA-FREE AREAS
An additional robustness test questioned an essential assumption employed
in the baseline pixel-level analysis–the omission of observations in which endemicity
43Specifically, the equation was yit = ∑2000j=year 1 βj×Malaria Endemicityi× I jt +∑2000j=year 1 X′iIjtφj +∑p γp Ipi +
∑2000j=year 1 ρI
j
t + eit.
44The natural log of population density removed extreme skewness that exists in its distribution other-
wise.
45Colonizers were English, Spanish, Portuguese, French, or from another European nation.
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equaled zero. In the baseline specification at the pixel level. Regions of the world that
were malaria-free at baseline were excluded, with the rationale that the heterogeniety of
these regions is extreme, thus does not provide a good counterfactual for the adjacent
endemicity level.46 It is important, however, to explore the data using all endemicity
levels to understand boundaries of the relationship between malaria endemicity and
population.
Panel A of figure 15 presents the flexible coefficients calculated for six
latitudinal regions (see appendices A.II, figure 15). The bold line labeled All
encompasses the whole world up to +90◦ to −90◦ latitude. The size of the sample was
sequentially reduced to ±65◦, ±55◦, ±45◦, ±35◦ down to the Tropic of
Cancer/Capricorn line at ±23.5◦ latitude. By restricting the latitude to near the equator,
the heterogeneity of included malaria-free areas of the world was essentially removed
from the sample. When the sample was restricted to the tropics’ lines, its trend line of
estimated coefficients began to look similar to the baseline specification, with small
constant pre-treatment (1850-1910) and relatively large treatment effect after malaria
prevention initiatives (1920-2000).
It appears that latitudinal regions between the tropic lines and the equator
defined a sample in which the relationship between malaria endemicity and population
reflected the trend found at the country level. Still, it’s important to ensure that the
finding is not an artifact of the specification at ±23.5◦. Panel B of figure 15, illustrates
that each degree of latitude adjacent to ±23◦ and ±30◦, looks similar to the trend line at
the ±23.5◦. In general, each of the samples constricted to between ±30◦ and the equator
and ±23◦ and the equator resembled the baseline pixel-level trend line shown in figure
7. Table 20 displays estimates for three of the latitudinal regions near the tropic lines,
showing a consistent impact for the chosen samples (see appendices A.I, table 20).
46Malaria free areas contain the greatest span of types of climates from barren hot deserts, polar low
deserts, or high mountains.
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In column (1) of table 20 the sample restricted to ±23◦ latitude. For this
restricted sample, the endemicity still ranges from 0 to 5, malaria-free to holoendemic
levels. The mean endemicity level for the restricted sample is X¯lat=23 = 2.58 while the
full sample is X¯lat=90 = 1.25 and the standard deviation did not change, σlat=23 = 1.42
and σlat=90 = 1.48. Based on the estimate for the ±23◦ latitude sample, a one standard
deviation increase in malaria endemicity is associated with a +4.5 percent change in
population density.
To compare the magnitude of this result with others, calculations were
performed to measure how much of the observed increase in population density
between 1910 and 2000 can be explained by the malaria prevention campaigns.47 Based
on data between ±23◦ latitude, the natural logarithm of population density in highly
endemic areas of the world increased by 1.22, from 0.59 in 1910 to 1.81 in 2000. Using
the estimate reported in column (1) of table 20, the counterfactual log population
density in 2000 would have been 1.72 (rather than 1.81), and the increase would have
been 1.13 (rather than 1.22). Therefore, the population increase would have been 93
percent (1.13/1.22) of the observed increase if post-1900 vector control had not been
introduced. Thus, given the country-level estimate, introduction of vector control
explains 7 percent of the observed increase in population density in mosquito areas
between 1910 and 2000.
47The counterfactual calculation technique comes from Nunn and Qian (2011) section 5.D. from their
baseline results.
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II.VII CONCLUSION
This study measured the impact of mosquito-vector control on population
growth over the past century. Unlike other public health initiatives, the geographic
boundaries for mosquito-borne disease, particularly malaria, have been clearly mapped
and are influenced primarily by a region’s suitability for Anopheles mosquitoes and
human hosts. Using difference-in-difference methodology, controlling mosquito-borne
disease was found to account for up to 35 percent of population growth since the early
20th century.
Beyond measuring the simple relationship between baseline malaria
endemicity and population before and after the introduction of vector control,
robustness of the baseline results were tested under selected conditions. When the data
set was confined to regions with low elevation or high humidity, the significant impact
of mosquito control persisted. In contrast, in areas of the world with low prevalence of
malaria (e.g., those at high altitude or with low humidity), the relationship disappeared.
The relationship was also identified at the country level for moderately malarial areas.
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A APPENDICES
A.I TABLES
Table 1: Province-Level excess death rates (1959-1961)
Province Population Number of Deaths Death Rate
Anhui 34.460 mil. 6.330 mil. 18.37 %
Sichuan 71.915 mil. 9.402 mil. 13.07 %
Guizhou 17.064 mil. 1.746 mil. 10.23 %
Hunan 36.519 mil. 2.486 mil. 6.81 %
Gansu 15.857 mil. 1.023 mil. 6.45 %
Henan 48.058 mil. 2.939 mil. 6.12 %
Guangxi 20.099 mil. 0.931 mil. 4.63 %
Yunnan 19.183 mil. 0.804 mil. 4.19 %
Shandong 53.435 mil. 1.806 mil. 3.38 %
Jiangsu 52.963 mil. 1.527 mil. 2.88 %
Hubei 30.749 mil. 0.675 mil. 2.20 %
Fujian 15.479 mil. 0.313 mil. 2.02 %
Guangdong 38.393 mil. 0.657 mil. 1.71 %
Shaanxi 18.320 mil. 0.261 mil. 1.42 %
Hebei 55.446 mil. 0.610 mil. 1.10 %
Jiangxi 17.136 mil. 0.181 mil. 1.06 %
Zhejiang 25.703 mil. 0.141 mil. 0.55 %
Province-Level Excess Deaths (Cao 2005).
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Table 2: Fu Analysis: Summary Statistics
x σx ∧x ∨x count
Contemporary well-being:
per capita GDP 2010 2.33 1.98 0.40 15.61 223
log per capita GDP 2010 0.61 0.65 −0.91 2.75 223
per capita rural income 2010 4550.81 1714.35 1282.74 11372.00 223
log per capita rural income 2010 8.35 0.38 7.16 9.34 223
Famine severity:
EDR 5.70 5.98 0.10 29.40 224
EDR sqr. 68.07 130.53 0.01 864.36 224
Cohort ratio 1.71 0.59 0.94 5.58 213
Cohort ratio sqr. 3.28 2.93 0.89 31.14 213
Physical characteristics:
Shoreline 0.14 0.35 0.00 1.00 223
Climate 21.00 4.90 1.00 28.00 223
Slope 5.30 1.34 1.87 7.92 223
Slope sqr. 29.84 13.25 3.48 62.66 223
Ag. suitability 0.65 0.20 0.01 0.99 223
Area 16856.32 20741.96 1092.91 198269.00 223
Historical demographics:
Pop. 1958 (Cao) 240.65 205.87 6.30 1148.30 224
Growth rate (1953-58) 22.45 7.00 7.80 63.80 224
Pop. density 1950 168.00 142.03 0.82 767.29 223
% Urban share 1950 0.09 0.10 0.00 0.57 223
Cropland/capita 1950 0.01 0.00 0.00 0.03 223
% Cropland 1950 0.51 0.23 0.00 0.97 223
# Towns (1820) 28.04 23.10 1.00 163.00 223
Historical events:
CCP bases (pre-1934) 0.22 0.45 0.00 2.00 223
Jap. Empire (1933-1945) 0.19 0.40 0.00 1.00 223
Note: Summary statistics for all variables for the sample used in the analysis using the EDR as
the measure of famine severity. The summary statistics for the cohort ratio and cohort ratio
squared are included in this table but the summary statistics of the related sample is smaller
by ten observations and is reported in the appendix.
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Table 3: Fu Analysis: OLS Results for GDP 2010
(1) (2) (3) (4)
Famine severity:
EDR −0.116** −0.080*** −0.062* −0.058*
(0.002) (0.001) (0.012) (0.015)
EDR sqr. 0.004** 0.003** 0.002* 0.002*
(0.005) (0.002) (0.013) (0.021)
Historical demographics:
Pop. 1958 (Cao) 0.000 −0.000 −0.000
(0.831) (0.283) (0.241)
Growth rate (1953-58) 0.012** 0.012** 0.012**
(0.007) (0.004) (0.004)
Pop. density 1950 0.002*** 0.002*** 0.002***
(0.000) (0.001) (0.001)
% Urban share 1950 1.267** 1.373** 1.474**
(0.002) (0.007) (0.002)
Cropland/capita 1950 −0.327 14.842 17.924
(0.966) (0.148) (0.055)
% Cropland 1950 −0.382 −0.732*** −0.747**
(0.115) (0.001) (0.001)
# Towns (1820) 0.005*** 0.004** 0.004*
(0.000) (0.009) (0.010)
Physical characteristics:
Shoreline 0.473** 0.485**
(0.005) (0.003)
Climate 0.000 −0.001
(0.992) (0.823)
Slope 0.427* 0.423*
(0.010) (0.012)
Slope sqr. −0.047* −0.048**
(0.012) (0.009)
Ag. suitability 0.436 0.433
(0.084) (0.094)
Area 0.000 0.000
(0.626) (0.592)
Historical events:
CCP bases (pre-1934) 0.115
(0.288)
Jap. Empire (1933-1945) 0.031
(0.683)
Obs. 224.000 223.000 223.000 223.000
R-sqr. 0.208 0.616 0.680 0.685
Note: OLS estimates of 6 are reported. The dependent variable is the natural log of per
capita GDP in 2010, ln y. The famine severity variable is the excess death rate averaged
between 1959, 1960, and 1961, as well as the excess death rate squared for that time
period. The errors are clustered at the province level.
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
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Table 4: Fu Analysis: OLS Results for Rural Income 2010
(1) (2) (3) (4)
Famine severity:
EDR −0.060** −0.045*** −0.037** −0.034***
(0.002) (0.000) (0.001) (0.001)
EDR sqr. 0.002** 0.002*** 0.001** 0.001**
(0.002) (0.000) (0.001) (0.002)
Historical demographics:
Pop. 1958 (Cao) 0.000 −0.000 −0.000
(0.713) (0.797) (0.763)
Growth rate (1953-58) 0.007*** 0.009** 0.009**
(0.001) (0.002) (0.003)
Pop. density 1950 0.001** 0.001** 0.001**
(0.001) (0.008) (0.004)
% Urban share 1950 −0.200 −0.153 −0.086
(0.395) (0.526) (0.733)
Cropland/capita 1950 −16.644 −11.438 −9.495
(0.085) (0.235) (0.288)
% Cropland 1950 0.219 −0.016 −0.022
(0.200) (0.923) (0.901)
# Towns (1820) 0.002 0.002 0.002
(0.106) (0.069) (0.080)
Physical characteristics:
Shoreline 0.148* 0.156**
(0.011) (0.005)
Climate 0.001 −0.000
(0.907) (0.989)
Slope 0.112 0.111
(0.370) (0.344)
Slope sqr. −0.012 −0.012
(0.407) (0.351)
Ag. suitability 0.621*** 0.614***
(0.000) (0.000)
Area 0.000 0.000
(0.869) (0.829)
Historical events:
CCP bases (pre-1934) 0.076
(0.320)
Jap. Empire (1933-1945) 0.027
(0.710)
Obs. 224.000 223.000 223.000 223.000
R-sqr. 0.108 0.397 0.454 0.461
Note: OLS estimates of 6 are reported. The dependent variable is the natural log of
mean income per rural household in 2010, ln y. The famine severity variable is the ex-
cess death rate averaged between 1959, 1960, and 1961, as well as the excess death rate
squared for that time period. The errors are clustered at the province level.
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
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Table 6: War of Liberation CCP Militia Advancement Sequence (1947-1950)
Date Location Direction
1947 rural Hebei Prov. N→ S
Apr. 1948 Luoyang & Kaifeng, Henan N→ S
Sept. 1948 Jinan, Shandong N→ S
Winter 1948-49 Xuzhou, Jiangsu HuaiHai Campaign
Jan. 1949 Tianjin & Beijing n/a
Apr. 1949 Anhui & Jiangsu Prov. N→ S
May 15, 1949 Wuhan, Hubei E→W
June 1949 Zhejiang Prov. N→ S
July 1949 N. & C. Fujian Prov. N→ S
July 1949 Changsha, Hunan N→ S
Aug. 1949 Xi’an, Shaanxi E→W
Aug. 1949 Gansu Prov. E→W
Sept. 1949 Xining, Qinghai E→W
Sept. 15, 1949 S. Hunan Prov. N→ S
Late Sept. 1949 Jiangxi Prov. N→ S
Oct. 3, 1949 Guangzhou, Guangdong N→ S
Oct. 1949 Xiamen, Fujian S→ N
Early Nov. 1949 Guizhou Prov. NE→ SW
Nov. 1949 Guangxi Prov. NE→ SW
Nov. 14, 1949 Chongqing, Sichuan E→W
Dec. 10, 1949 Chengdu, Sichuan E→W
Early 1950 Yunnan Prov. NE→ SW
Details of the CCP Progression taken from Westad (2003) .
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Table 9: County Analysis: Summary Statistics
x σx ∧x ∨x count
Contemporary well-being:
per capita GDP 2010 1.85 2.14 0.00 28.80 1477
log per capita GDP 2010 0.51 0.68 −1.16 3.36 1255
per capita rural income 5621.11 2247.30 462.87 15513.00 1173
log per capita rural income 8.55 0.43 6.14 9.65 1173
Famine severity:
Cohort Ratio 1.56 0.63 0.57 5.83 1477
TAMU_sqr 2.83 2.89 0.33 33.94 1477
Historical demographics:
Pop. density 1950 181.15 201.47 0.01 2843.00 1474
% Urban share 1950 0.04 0.12 0.00 1.00 1474
Cropland/capita 1950 6094.93 7244.02 105.94 120332.87 1472
% Cropland 1950 0.54 0.25 0.00 0.98 1473
# Towns (1820) 3.85 4.17 0.00 60.00 1477
Physical characteristics:
Shoreline 0.08 0.27 0.00 1.00 1477
Climate 18.88 5.90 0.00 29.00 1476
Slope 4.87 1.41 1.68 7.86 1476
slope_sqr 25.69 13.30 2.84 61.81 1476
Ag. suitability 0.69 0.22 0.00 1.00 1473
Area 2.67 3.56 46731020.00 5.67 1477
Historical events:
CCP bases (pre-1934) 0.08 0.28 0.00 2.00 1477
Long March (1932-33) 0.09 0.29 0.00 1.00 1477
Jap. Empire (1933-1945) 0.39 0.49 0.00 1.00 1477
Note: Summary statistics for all variables for the sample of counties in which the cohort size for years
1955-1960 are all greater than 15 individuals.
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Table 11: County Analysis: IV Results for Rural Income
Second Stage: Dependent variable is per capita rural income
(1) (2) (3)
Cohort Ratio 0.646*** −0.058 0.987
(0.000) (0.798) (0.568)
Province FE N Y Y
Prefecture FE N N Y
Historical demographics Y Y Y
Physical characteristics Y Y Y
Historical events Y Y Y
F-stat 7.838 15.067 2.043
Obs. 956.000 956.000 956.000
Hausman test (p-value) 0.000 0.647 0.381
Sargan Test (p-value) 0.109 0.020 0.855
First Stage: Dependent variable is the cohort ratio
PLA sequence 0.001*** 0.003** 0.000
(0.000) (0.001) (0.932)
PLA sqr. −0.000*** −0.000* −0.000
(0.000) (0.020) (0.637)
Province FE N Y Y
Prefecture FE N N Y
Historical demographics Y Y Y
Physical characteristics Y Y Y
Historical events Y Y Y
F-stat 10.939 23.133 6.049
Note: IV estimates of 6 are reported where the dependent variable in columns (1) and (3) is the
natural log of per capita GDP in 2010 and in columns (2) and (4) is the natural log of mean
income per rural household member in 2010, ln y In columns (1) and (2), famine severity is
the average excess death rate for 1959, 1960, and 1961. In columns (3) and (4), famine sever-
ity variable is the relative cohort ratio between the cohorts born in 1959-1960 and 1953-1957.
The p-value of the Hausman test is for the Durbin-Wu-Hausman chi-squared test. All regres-
sion include the baseline set of control variables where the historical demographic controls
are population density in 1950, % urban share of a fu-region in 1950, per capita cropland, %
cropland in a fu-region in 1950, number of towns in 1820; the geographic controls are shore-
line, climate, slope, slope squared, average agricultural suitability, fu area; and the historical
event controls are the locations of early Communist bases (prior to 1933), and the extent of the
Japanese Empire in China (1933-1945). The regressions all include three additional indicators:
indicator of the Long March (1932-1933), indicator of a common route between historically
important cities, and an indicator of the route taken by the PLA during the Chinese Civil War
(1946-1951).
* p < 0.1, ** p < 0.05, *** p < 0.01. Standard errors in parentheses.
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Table 12: Summary Statistics for 0.5◦ by 0.5◦ Pixel Analysis
x σx ∧x ∨x count
Outcome variable:
Population density 32.58 136.38 0.00 16628.28 544943
Natural log of population density 1.30 2.45 −11.55 9.72 508782
Variable of Interest:
Average malaria endemicity 2.36 1.12 1.00 5.00 552704
Covariates:
Average slope 4.23 1.49 1.00 9.00 546384
Average slope squared 20.14 13.39 1.00 81.00 546384
Distance to ocean shore (m) 535090.19 505678.68 0.00 2478100.00 552704
Note: Summary statistics for all variables for the sample used in the 0.5◦ by 0.5◦ pixel analysis.
The time range of the panel data set is from 1850 to 2000. The malaria endemicity is measured
at baseline in 1900 prior to any prevention measures.
Table 13: Summary Statistics for Country Analysis
x σx ∧x ∨x count
Outcome variable:
Population density 65.79 248.24 0.01 8733.17 4245
Natural log of pop. density 2.68 1.89 −4.72 9.07 4245
Variable of Interest:
Average malaria endemicity 1.81 1.53 0.00 5.00 4347
Covariates:
Average slope 4.10 4.08 0.01 21.45 4410
Average slope squared 33.45 69.45 0.00 460.22 4410
Distance to ocean shore (1000km) 0.28 0.39 0.00 2.21 4410
Note: Summary statistics for all variables for the sample used in the country analysis. The time
range of the panel data set is from 1800 to 2000. The malaria endemicity is measured at base-
line in 1900 prior to any prevention measures.
74
Ta
bl
e
14
:F
le
xi
bl
e
Es
ti
m
at
es
at
th
e
0.
5
x
0.
5
Pi
xe
l
(1
)
(2
)
(3
)
M
al
ar
ia
en
de
m
ic
ity
×
18
60
−0
.0
23
(0
.0
01
)
−0
.0
24
(0
.0
01
)
−0
.0
24
(0
.0
01
)
M
al
ar
ia
en
de
m
ic
ity
×
18
70
−0
.0
29
(0
.0
02
)
−0
.0
30
(0
.0
02
)
−0
.0
30
(0
.0
02
)
M
al
ar
ia
en
de
m
ic
ity
×
18
80
−0
.0
39
(0
.0
02
)
−0
.0
39
(0
.0
02
)
−0
.0
40
(0
.0
02
)
M
al
ar
ia
en
de
m
ic
ity
×
18
90
−0
.0
40
(0
.0
03
)
−0
.0
41
(0
.0
03
)
−0
.0
41
(0
.0
03
)
M
al
ar
ia
en
de
m
ic
ity
×
19
00
−0
.0
30
(0
.0
03
)
−0
.0
32
(0
.0
03
)
−0
.0
32
(0
.0
03
)
M
al
ar
ia
en
de
m
ic
ity
×
19
10
−0
.0
30
(0
.0
04
)
−0
.0
33
(0
.0
04
)
−0
.0
34
(0
.0
04
)
M
al
ar
ia
en
de
m
ic
ity
×
19
20
0.
02
9
(0
.0
04
)
0.
02
5
(0
.0
04
)
0.
02
3
(0
.0
04
)
M
al
ar
ia
en
de
m
ic
ity
×
19
30
0.
05
6
(0
.0
05
)
0.
05
1
(0
.0
05
)
0.
04
7
(0
.0
05
)
M
al
ar
ia
en
de
m
ic
ity
×
19
40
0.
06
1
(0
.0
05
)
0.
05
8
(0
.0
05
)
0.
05
3
(0
.0
05
)
M
al
ar
ia
en
de
m
ic
ity
×
19
50
0.
09
2
(0
.0
06
)
0.
08
8
(0
.0
06
)
0.
07
9
(0
.0
06
)
M
al
ar
ia
en
de
m
ic
ity
×
19
60
0.
10
9
(0
.0
06
)
0.
10
4
(0
.0
06
)
0.
09
6
(0
.0
06
)
M
al
ar
ia
en
de
m
ic
ity
×
19
70
0.
13
7
(0
.0
06
)
0.
13
4
(0
.0
06
)
0.
12
6
(0
.0
06
)
M
al
ar
ia
en
de
m
ic
ity
×
19
80
0.
17
2
(0
.0
07
)
0.
16
6
(0
.0
07
)
0.
15
8
(0
.0
07
)
M
al
ar
ia
en
de
m
ic
ity
×
19
90
0.
20
4
(0
.0
07
)
0.
19
5
(0
.0
07
)
0.
18
7
(0
.0
07
)
M
al
ar
ia
en
de
m
ic
ity
×
20
00
0.
25
7
(0
.0
07
)
0.
24
5
(0
.0
07
)
0.
23
5
(0
.0
07
)
Sl
op
e
N
Y
Y
Pr
ox
im
it
y
to
O
ce
an
N
N
Y
O
bs
er
va
ti
on
s
50
87
82
.0
00
50
87
82
.0
00
50
87
82
.0
00
R
-s
qu
ar
ed
0.
95
3
0.
95
3
0.
95
4
F-
St
at
fo
r
Jo
in
t
Si
gn
ifi
ca
nc
e
19
20
-2
00
0
36
7.
40
1
32
5.
60
7
31
6.
10
2
N
ot
e:
O
bs
er
va
ti
on
s
ar
e
at
th
e
0.
5
x
0.
5
pi
xe
l-
ye
ar
le
ve
lf
or
ea
ch
de
ca
de
be
tw
ee
n
18
50
an
d
20
00
.
Th
e
de
pe
nd
en
t
va
ri
ab
le
is
th
e
na
tu
ra
ll
og
of
th
e
po
pu
la
ti
on
de
ns
it
y
of
ea
ch
pi
xe
l.
M
al
ar
ia
en
de
m
ic
ity
is
an
or
de
re
d
in
de
x
eq
ua
l
to
1,
2,
3,
4,
or
5.
If
th
e
pi
xe
l
co
nt
ai
ne
d
a
bo
un
da
ry
be
tw
ee
n
tw
o
en
de
m
ic
it
y
le
ve
ls
,t
he
n
it
w
as
as
si
gn
ed
th
e
lo
w
er
en
de
m
ic
it
y.
T
he
en
de
m
ic
it
y
le
ve
l
fo
r
a
pi
xe
l
is
in
te
ra
ct
ed
w
it
h
an
in
di
ca
to
r
fo
r
ea
ch
ti
m
e
pe
ri
od
in
th
e
sa
m
pl
e.
Fu
ll
de
ta
ils
of
th
e
co
nt
ro
lv
ar
ia
bl
es
ar
e
pr
ov
id
ed
in
th
e
te
xt
.
Th
e
in
cl
us
io
n
of
a
co
nt
ro
lv
ar
ia
bl
e
in
te
r-
ac
te
d
w
it
h
th
e
fu
ll
se
to
ft
im
e-
pe
ri
od
fix
ed
ef
fe
ct
s
is
in
di
ca
te
d
by
a
Y;
N
in
di
ca
te
s
th
at
th
e
co
nt
ro
li
s
no
ti
nc
lu
de
d
in
th
e
sp
ec
ifi
ca
ti
on
.C
oe
ffi
ci
en
ts
ar
e
re
po
rt
ed
w
it
h
st
an
da
rd
er
ro
rs
,c
lu
st
er
ed
at
th
e
pi
xe
ll
ev
el
,i
n
pa
re
nt
he
se
s.
75
Table 15: Baseline Estimates at the 0.5 x 0.5 Pixel
(1) (2) (3) (4)
Malaria endemicity × Post 0.151 0.147 0.145 0.140
(0.004) (0.004) (0.004) (0.004)
Slope N Y N Y
Distance from Ocean N N Y Y
Observations 508782.000 508782.000 508782.000 508782.000
R-squared 0.952 0.952 0.953 0.953
Note: Observations are at the 0.5 x 0.5 pixel-year level for each decade between 1850 and
2000. The dependent variable is the natural log of the population density of each pixel.
Malaria endemicity is an ordered index equal to 1, 2, 3, 4, or 5. If the pixel contained a
boundary between two endemicity levels, then it was assigned the lower endemicity.
The endemicity level for a pixel is interacted with an indicator for each time period in
the sample. The Post indicator variable equals zero for periods 1850-1920 and one for
periods 1930-2000. Full details of the control variables are provided in the text. The
inclusion of a control variable interacted with the full set of time-period fixed effects is
indicated by a Y; N indicates that the control is not included in the specification. Coef-
ficients are reported with standard errors, clustered at the pixel level, in parentheses.
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Table 19: Various Distances from Major Rivers at the 0.5 x 0.5 Pixel
(1) (2) (3)
Dist. to river < 10km Dist. to river < 50km Dist. to river < 100km
Malaria endemicity × Post 0.119 0.127 0.124
(0.013) (0.009) (0.008)
Observations 61897.000 113733.000 169764.000
R-squared 0.956 0.953 0.951
Note: Observations are at the 0.5 x 0.5 pixel-year level for each decade between 1850 and 2000. The
dependent variable is the natural log of the population density of each pixel. Malaria endemic-
ity is an ordered index equal to 1, 2, 3, 4, or 5. If the pixel contained a boundary between two
endemicity levels, then it was assigned the lower endemicity. The endemicity level for a pixel
is interacted with an indicator for each time period in the sample. The Post indicator variable
varies by specification. Its definition is reported in the column headings. All regressions include
year fixed effects, country fixed effects, and the baseline controls interacted with the full set of
time-period fixed effects: slope, slope squared, and distance to the ocean. Full details of the con-
trol variables are provided in the text. The inclusion of a control variable interacted with the full
set of time-period fixed effects is indicated by a Y; N indicates that the control is not included in
the specification. Coefficients are reported with standard errors, clustered at the pixel level, in
parentheses.
Table 20: Including Malaria-free Areas
(1) (2) (3)
Lat. < 23 Lat. < 24 Lat. < 25
Malaria endemicity × Post 0.033 0.039 0.040
(0.006) (0.006) (0.005)
Observations 245757.000 256132.000 266470.000
R-squared 0.955 0.956 0.957
Note: Observations are at the 0.5 x 0.5 pixel-year level for each decade be-
tween 1850 and 2000. The dependent variable is the natural log of the
population density of each pixel. Malaria endemicity is an the ordered
index equal to 0, 1, 2, 3, 4, or 5. If the pixel contained a boundary be-
tween two endemicity levels, then it was assigned the lower endemic-
ity. The endemicity level for a pixel is interacted with an indicator for
each time period in the sample. The Post indicator variable equals zero
for periods 1850-1910 and one for periods 1920-2000. Full details of the
control variables are provided in the text. The inclusion of a control
variable interacted with the full set of time-period fixed effects is indi-
cated by a Y; N indicates that the control is not included in the specifi-
cation. Coefficients are reported with standard errors, clustered at the
pixel level, in parentheses.
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Figure 1: Excess death rate data
A.II FIGURES
81
Figure 2: Cohort ratio data
Figure 3: Economic outcome data
82
Figure 4: Historic cities, Common routes, and PLA routes
83
Figure 5: Global Distribution of Malaria (1900-2002)
Note: All-cause malaria distribution maps for the preintervention distribution (circa 1900) (Lysenko and
Semashko (1968)) and for the years 1946, 1965, 1965, 1994, and 2002. Areas of high and low risk were
merged throughout to establish all-cause malaria transmission limits (Hay et al. (2004)).
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Figure 6: The Lysenko Map of Global Malaria Endemicity
Note: Endemicity as used by Lysenko is defined by the parasite rate (pr) in 2-10 year age cohort (hypoen-
demic 0.1; mesoendemic 0.11 - 0.5; hyperendemic 0.51-0.75) except the holoendemic class (0.75) where the
PR refers to the 1-year age group (Hay et al. (2004)).
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Figure 7: Baseline Flexible Estimates 0.5 x 0.5 Pixel Level
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Note: Relationship over time between malaria endemicity (circa 1900) and population density at the using
baseline sample.
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Figure 8: Robustness: Dummy Variable Analysis
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Note: Re-estimating with a dummy variable for each level of endemicity with base set to level 1 (endemic)
and omitting malaria-free areas of flexible estimates of the relationship between initial malaria endemicity
(circa 1900) and population density at the 0.5 x 0.5 pixel level using baseline sample to check for possible
accuracy of baseline analysis.
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Figure 9: Robustness: Varying Proximity to Rivers
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Note: Re-estimating flexible estimates of the relationship between initial malaria endemicity (circa 1900)
and population density at the 0.5 x 0.5 pixel level using samples near to rivers to check for possible bias.
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Figure 10: The Relationship between Life Zones Categories and PER
89
Figure 11: Holdridge (1947) Life Zones Map
Note: Climate suitable regions for mosquito-borne disease are defined as tropical moist and wet
forest, tropical dry forest (not very dry), subtropical dry/moist/wet/rain forest, warm temperate
dry/moist/wet/rain forest. The pattern of inclusion and exclusion is very similar to Lysenko’s initial
mesoendemic, hyperendemic, and holoendemic areas for malaria.
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Figure 12: Robustness: Varying Humidity Classification (PER)
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Figure 13: Robustness: Varying Altitude
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Figure 14: Country level Analysis with Dummy Variables
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Note: Flexible estimates of the relationship between initial malaria endemicity (circa 1900) and population
density at the country level. Malaria-free areas are omitted as in the baseline analysis at the pixel-level.
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Figure 15: Pixel-level Analysis Including Malaria-Free Areas
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